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A b s t r a c t
S t r u c t u r a l  an d  F u n c t i o n a l  S t u d i e s  o f  t h e  
T ry p to p h a n  O p e ro n  o f  B f lg i l lu g  p u m ilu s
by
M ir ia m  V. R iv a s  
A d v is o r :  D r . R iv k a  R u d n er
The n u c l e o t i d e  s e q u e n c e  o f  t h e  t r p E .  t r p D .  
a n d  5 ' t r p C  g e n e s  o f  t h e  B a c i l l u s  p u m ilu s  t r y p to p h a n  
o p e ro n  w as d e te r m in e d  f o r  a  c o m p a r a t iv e  e v a l u a t i o n .  
DMA c o m p a r is o n s  t o  t h e  t r y p t o p h a n  o p e ro n  o f  a  r e l a t e d  
s p e c i e s .  B a c i l l u s  s u b t i l i s . show ed 6 6 % b a s e  h o m o lo g y . 
T he o v e r l a p p in g  o f  t r a n s l a t i o n a l  s t a r t  a n d  s t o p  
s i g n a l s  i n d i c a t e  t h a t ,  s i m i l a r  t o  E s c h e r i c h i a  c o l i . 
t h e  £ e p £ ,  trp J2 , a n d  t r p C  g e n e s  o f  t h e  B .p u m ilu s  £ £ p  
o p e r o n  a r e  t r a n s l a t i o n a l l y  c o u p le d .  The v a lu e s  f o r  
am in o  a c i d  i d e n t i t y  b e tw e e n  t h e  tw o  B a c i l l i  show ed 
6 8 , 6 2 , an d  65% f o r  t r p E .  t rp D  an d  5 * t rp C  g e n e s ,  
r e s p e c t i v e l y .  C h a rg e  r e l a t e d  r e s i d u e s  i n c r e a s e d  t h e  
% s i m i l a r i t y  t o  7 9 , 7 6 , a n d  72%. Amino a c i d  
c o m p a r is o n s  t o  t h e  E .c o l i  t r p E .  JfcipE, a n d  5 ' t rp C  
g e n e  p r o d u c t s  show ed a n  a v e r a g e  o f  30 an d  50% f o r  %
am in o  a c i d  i d e n t i t y  a n d  % am ino  a c i d  s i m i l a r i t y /  
r e s p e c t i v e l y .  G e n e t ic  a n a ly z e s  w i t h  a  3 .6 - k b  £ .  
p u m ilu s  £ £ p  DNA f ra g m e n t  c lo n e d  i n  o p p o s i t e  
o r i e n t a t i o n s  i n  p la s m id s  pRR106 a n d  pRR103 r e v e a l e d  
t h e  p r e s e n c e  o f  a n  i n t e r n a l  p r o m o te r  u p s t r e a m  t o
A s e a r c h  f o r  c o n s e n s u s - l i k e  p r o m o te r  s e q u e n c e s  
u p s tr e a m  t o  t r p C  d i d  n o t  r e v e a l  a n  o b v io u s  p r o m o te r  
s e q u e n c e .  I n  t h e  t r p E  g e n e  t h r e e  p o t e n t i a l  p ro m o te r  
s e q u e n c e s  w e re  i d e n t i f i e d  b y  hom ology  t o  t h e  
c o n s e n s u s .  Two o f  t h e s e  tan d em  p r o m o t e r - l i k e  e le m e n ts  
w e re  a b l e  t o  f a c i l i t a t e  t h e  e x p r e s s i o n  o f  0 - g a l a c t o -  
s a i d a s e  i n  £ .£ £ 1 1  7 1 -1 8  when c lo n e d  u p s tr e a m  t o  a  
p la s m id  p r o m o t e r l e s s  la c Z  g e n e .
The a m id o t r a n s f e r a s e  a c t i v i t y  o f  a n t h r a n i l a t e  
s y n t h e t a s e  w as a s s a y e d  fro m  B .s u b t i l i s  t r p  m u ta n ts  
t r a n s f o r m e d  w i th  pRR106. The a n t h r a n i l a t e  s y n t h e t a s e  
co m p lex  show ed s e n s i t i v i t y  t o  T rp  a n d  t o  r e g u l a t i o n  by  
t h e  m tr  l o c u s .  S in c e  m tr  r e g u l a t i o n  i s  b e l i e v e d  t o  
a c t  on t h e  t r p  l e a d e r  mRNA an d  t h e  t r p  l e a d e r  i s  n o t  
p r e s e n t  on pRR106/ t h i s  r e s u l t  i n d i c a t e s  t h a t  a d d i t i o n a l  
a r e a s  o r  l e v e l s  o f  r e g u l a t i o n  may b e  in v o lv e d  w i th  m t r .
The 2 .7 3 3 -k b  s e q u e n c e d  p o r t i o n  o f  t h e  t r p E .  
J lteE z an d  5 '  t r p C  g e n e s  o f  B .p u m ilu s  w as c lo n e d  i n t o  
t h e  i n t e g r a b l e  p la s m id  p JH lO l a s  a  m o le c u la r  p r o b e  f o r
p r e l i m i n a r y  e x p e r im e n ts  i n t o  t h e  n a t u r e  o f  h e t e r o l o g o u s  
i n t e g r a t i o n  i n  B a c i l l u s  s u b t i l i s .
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1
Intr.pflyg-tj.gn
Amino a c i d s  a r e  t h e  b u i l d i n g  b lo c k s  o f  p r o ­
t e i n s  a s  w e l l  a s  p r e c u r s o r s  o f  o t h e r  im p o r t a n t  b io m o le ­
c u l e s  su c h  a s  p u r i n e s ,  p y r im id in e s ,  v i t a m i n s ,  an d  h o rm o n es . 
When i n g e s t e d  i n  e x c e s s  th e y  c a n  s e r v e  a s  a  s o u r c e  o f  
e n e r g y .  T ry p to p h a n , a  n o n p o la r  a r o m a t ic  am ino  a c i d ,  i s  o n e  
o f  t h e  t e n  e s s e n t i a l  am ino a c i d s  r e q u i r e d  by  man an d  th e  
a l b i n o  r a t .  The o t h e r  n in e  a r e  t h r e o n i n e ,  m e th io n in e ,  
l y s i n e ,  v a l i n e ,  i s o l e u c i n e ,  l e u c i n e ,  a r g i n i n e ,  h i s t i d i n e ,  
an d  p h e n y l a l a n i n e .  The p r im a r y  b i o l o g i c a l  s o u r c e  o f  
t r y p to p h a n  com es fro m  b i o s y n t h e t i c  p a th w a y s  o f  b a c t e r i a ,  
f u n g i ,  and  p l a n t s  (L e h n in g e r ,  1 9 7 9 ) .
The p a th w ay  o f  t r y p to p h a n  b i o s y n t h e s i s  i s  
s i m i l a r  i n  a l l  o f  t h e  p r o c a r y o t i c  a n d  e u c a r y o t i c  o rg a n ism s  
s t u d i e d .  The l a s t  common i n t e r m e d i a t e  i n  t h e  a r o m a t ic  
s y n t h e t i c  p a th w ay  o f  t y r o s i n e ,  p h e n y a la n in e  an d  t r y p to p h a n  
i s  c h o r i s m a te .  From  t h i s  b r a n c h in g  p o i n t ,  t h e r e  i s  a  
s e r i e s  o f  s e v e n  e n z y m a tic  f u n c t io n s  c u lm in a t in g  i n  t h e  
s y n t h e s i s  o f  t r y p to p h a n .  The f i r s t  enzym e u n iq u e  t o  
t r y p to p h a n  b i o s y n t h e s i s ,  a n t h r a n i l a t e  s y n t h e t a s e  (A S ), 
c a t a l y z e s  t h e  c o n v e r s io n  o f  c h o r is m a te  t o  a n t h r a n i l a t e  by
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a n  e n o lp y r u v y l  e l i m i n a t i o n  r e a c t i o n  a n d  am ide  a d d i t i o n  
( F ig u r e  1 ; L e h n in g e r ,  1 9 7 9 ; C ra w fo rd , 1 9 7 5 ) .  The enzym e 
co m p lex  (AS) i s  com posed  o f  tw o  n o n i d e n t i c a l  s u b u n i t s .
The a i n i d o t r a n s f e r a s e  s u b u n i t  c o d e d  by  t h e  t r p E  g en e  
c a t a l y z e s  t h e  e n o lp y r u v y l  e l i m i n a t i o n  r e a c t i o n  an d  am id e  
a d d i t i o n .  The g lu ta m in e  a m id o t r a n s f e r a s e  s u b u n i t ,  c o d e d  
by  t h e  t rp G  g e n e , c a t a l y z e s  t h e  re m o v a l o f  t h e  am ide 
g ro u p  fro m  g lu ta m in e .  The p r o d u c t s  a r e  g lu ta m a te ,  
p y r u v a te  an d  a n t h r a n i l a t e  ( F ig u r e  1 ) .  A t h ig h  pH (pH 8 .0 )  
an d  i n  t h e  p r e s e n s e  o f  NH4C1 t h e  a m in o t r a n s f e r a s e  s u b u n i t
(£EC&) a lo n e  c a n  u s e  f r e e  am m onia (NH3) t o  p ro d u c e  p y r u v a t e
a n d  a n t h r a n i l a t e  fro m  c h o r i s m a te  ( P a t e l  f i t  f l l . ,  1 9 7 4 ) .
The n e x t  s t e p  to w a rd s  t r y p to p h a n  s y n t h e s i s  i s  t h e  a d d i t i o n  
o f  t h e  p h o s p h o r ib o s y l  m o ie ty  o f  5 - p h o s p h o r ib o s y 1 - 1 -  
p y ro p h o s p h a te  t o  t h e  3 - p o s i t i o n  o f  a n t h r a n i l a t e  fo rm in g  
p h o s p h o r i b o s y l - a n t h r a n i l a t e .  T h is  r e a c t i o n  i s  c a t a l y z e d  
by  t h e  t rp D  g en e  p r o d u c t ,  p h o s p h o r ib o s y l  t r a n s f e r a s e  (P R T ). 
P h o s p h o r i b o s y l - a n t h r a n i l a t e  u n d e rg o e s  an  A m adori r e a r r a n g e ­
m en t c a t a l y z e d  by t h e  t r p F  g e n e  p r o d u c t ,  p h o s p h o r ib o -  
s y l a n t h r a n i l a t e  is o m e r a s e  (P R A I), t o  fo rm  1 -  ( o -  
c a r b o x y p h e n y la m in o ) - 1 - d e o x y r ib u lo s e  p h o s p h a te .  T h is  
r e a r r a n g e m e n t  i s  f o l lo w e d  b y  a  d e c a r b o x y la t i o n  an d  r i n g  
c l o s u r e  t o  y i e l d  i n d o l e g l y c e r o l  p h o s p h a te ,  c a t a l y z e d  b y  t h e  
t rp C  g e n e  p r o d u c t ,  i n d o l e g l y c e r o l  p h o s p h a te  s y n th e t a s e
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(In G P S ). In  t h e  f i n a l  r e a c t i o n  t h e  trp B  an d  trp A  g en e  
p r o d u c ts  fo rm in g  th e  t r y p to p h a n  s y n th e t a s e  enzym e com plex  
( TS) ,  c a t a l y z e  t h e  rem o v a l o f  t h e  g ly c e r o lp h o s p h a te  s id e  
c h a in  from  i n d o l e g l y c e r o l  p h o s p h a te  and  r e p l a c e  i t  w i th  t h e  
a l a n y l  m o ie ty  o f  L - s e r i n e  t o  p ro d u c e  L - t r y p to p h a n  (C ra w fo rd ,
1 9 7 5 ) .
A lth o u g h  t h e  p a th w ay  o f  t r p y to p h a n  s y n t h e s i s  i s  
s i m i l a r ,  t h e  a r r a n g e m e n ts ,  g en e  f u s i o n s ,  an d  r e g u l a t o r y  
m echan ism s o f  t h e  t r y p to p h a n  ( t r p )  g e n e s  a r e  v a r i a b l e  among 
t h e  o rg a n ism s  s tu d i e d  (Y a n o fsk y , 1984 ; Y an o fsk y  and  C ra w fo rd , 
1 9 8 7 ) . To i l l u s t r a t e  j u s t  a  few , d i s c u s s i o n  w i l l  b e  l i m i t e d  
t o  t h o s e  o rg a n ism s  i n  w h ich  c o m p a r iso n s  h av e  u n c o v e re d  
r e l e v a n t  s i m i l a r i t i e s  o r  d i f f e r e n c e s  t o  t h e  t r y p to p h a n  
o p e ro n  o f  Baci l l u s .  pm niLua-
The a r ra n g e m e n ts  o f  t h e  t r p  g e n e s  i n  s e v e r a l  
d i f f e r e n t  o rg a n ism s  a r e  shown i n  F ig u r e  2 . Of th e  
o rg a n ism s  s tu d i e d  o n ly  t h e  E n t e r o b a c t e r i a  ( f o r  ex a m p le , 
E s c h e r i c h i a  c o l i  and  S a lm o n e lla  tv p h im u riu m ) c o n ta in  t h e  
s e v e n  f u n c t i o n a l  u n i t s  f o r  t r y p to p h a n  b i o s y n t h e s i s  i n  a  
s i n g l e  o p e ro n  ( t r pE . (G)D. C (F ) . B .A ) . F u s io n  c o d in g  f o r  
f o u r  e n z y m a tic  f u n c t io n s  h a v e  o c c u r r e d  b e tw een  trp G  and  
trpP (trp(G )P)/ and  trpC an d  t J P F  ( t r p C f F ) ) .  I n  B a c i l l u s  
s u b t i l i s  t h e  trp G  i s  l o c a t e d  n e a r l y  180 d e g r e e s  away from  
t h e  o t h e r  s i x  g e n e s  (£ £ p E ,£ /£ ? £ ? £ /& )  and  f u s i o n  h a s  n o t
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o c c u r r e d  b e tw e e n  a n y  o f  t h e  th e m  (K ane f i t  a l .  1 9 7 2 ) .  N or 
h a s  f u s i o n  b e e n  o b s e r v e d  i n  t h e  ± x p  g e n e s  o f  A c i n e t o b a c t e r  
c a l c o a c e t i c u s . y e t  t h e y  a r e  fo u n d  i n  t h r e e  d i f f e r e n t  
l o c a t i o n s  (£ jceE / £ ! £ £ ,& ,£ /  i£pE,E,A) (S a w u la  a n d  C ra w fo rd , 
1 9 7 2 ) .  I n  t h e  f u n g u s ,  S a c c a ro m y c e s  c e r e v i s i a e ,  t h e  t r p  
g e n e s  a r e  l o c a t e d  i n  f i v e  l o c i  ( £ ip E /  t r p G ( C ) /  t r p D /  t r p F /  
t r p B ( A ) ) (Doy an d  C o o p e r , 1966) a n d  g e n e  f u s i o n s  b e tw e e n  
t rp G  a n d  tr.p£/ (.trpg.(C)) a n d  t r o B  a n d  ( t r o B ( A ) ) h a v e
o c c u r r e d .  I n  P su ed o m o n as a e r o a i n o s a  t h e r e  a r e  4 t r p  g e n e  
l o c i ,  n o  g e n e  f u s i o n s ,  a n d  an  a d d i t i o n a l  t r p I  g e n e .  The 
t r p l  g e n e  c o d e s  f o r  a n  i n d u c e r  o f  t h e  t r p B .A  lo c u s  
(C a lh o u n  A t  A l* r  1 9 7 3 ) .  T h e se  few  s a m p le s  s e r v e  t o  
i l l u s t r a t e  t h e  v a r i o u s  a r r a n g e m e n ts  an d  f u s i o n  e v e n t s  
t h a t  h a v e  o c c u r r e d  d u r in g  t h e  e v o l u t i o n  o f  t h e  t r p  g e n e s .
As e x p e c t e d ,  t h e  m e ch a n ism s  w h ic h  r e g u l a t e  t r p  g e n e  
e x p r e s s i o n  a l s o  show s c o n s i d e r a b l e  v a r i a t i o n  (Y a n o fs k y ,
1 9 8 4 ) .
The t r p  o p e ro n  o f  E .c o l i  i s  t h e  m o s t s t u d i e d  an d  
t h e  o n e  w h e re  t h e  m o s t i n f o r m a t i o n  a b o u t  r e g u l a t i o n  i s  
know n. T h e re  a r e  tw o  m ech an ism s in v o lv e d  i n  t h e  c o n t r o l  
o f  t r p  g e n e  e x p r e s s i o n  i n  r e s p o n s e  t o  c e l l u l a r  t r y p to p h a n  
a v a i l a b i l i t y  i n  f i . s o l i ,  r e p r e s s i o n  an d  a t t e n u a t i o n  (Y a n o fsk y  
a n d  C ra w fo rd , 1 9 8 7 ) .
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I n  r e p r e s s i o n ,  t h e  am ino a c i d  t r y p to p h a n  i s  a 
c o r e p r e s s o r  and  a l l o s t e r i c a l l y  b in d s  t o  t h e  T rp  a p o -  
r e p r e s s o r  p r o t e i n  t o  fo rm  t h e  a c t i v e  T rp  r e p r e s s o r .  The 
T rp  r e p r e s s o r  w h e th e r  i n  i t s  a c t i v e  o r  i n a c t i v e  form  
e x i s t s  a s  a  d im e r .  The a c t i v e  T rp  r e p r e s s o r  i n h i b i t s  
t r a n s c r i p t i o n  from  t h e  E .c o l i  t r p  o p e ro n . T h is  i n h i b i ­
t i o n  i s  a c h ie v e d  by t h e  p h y s i c a l  e x c lu s io n  o f  ENA 
p o ly m e ra s e  fro m  t h e  t r p  p ro m o te r  a s  t h e  T rp  r e p r e s s o r  
b in d s  on  t o  t h e  o v e r la p p in g  t r p  o p e r a t o r .  The s t r u c t u r a l  
an d  c h e m ic a l  i n t e r a c t i o n s  b e tw ee n  t h e  t r p  o p e r a t o r  a n d  T rp  
r e p r e s s o r  h a v e  b e e n  d e d u c e d  down t o  a  2 .4A  r e s o l u ­
t i o n  by X -ra y  c r y s t a l l o g r a p h y .  I t  i s  i n t e r e s t i n g  t o  
n o te  t h a t  t h e  i n t e r a c t i o n  i s  n o t  b e tw een  t h e  se q u e n c e  
s p e c i f i c  n i t r o g e n o u s  b a s e s  o f  t h e  o p e r a t o r  an d  th e  am ino  a c i d  
r e s i d u e s  o f  t h e  T rp  r e p r e s s o r ,  e x c e p t  i n  one  c a s e .  B u t 
r a t h e r  t h e  i n t e r a c t i o n  in v o lv e s  s p a t i a l l y  s p e c i f i c  h y d ro g e n  
b o n d in g  fro m  am ino a c i d  s i d e  c h a in  c o n s t i t u t a n t s  o f  t h e  
r e p r e s s o r  o n to  u n e s t e r i f i e d  o x y g en s  o f  t h e  s u g a r  p h o s p h a te  
b a ck b o n e  o f  t h e  o p e r a t o r .  Even th e  p y r o le  r i n g  n i t r o g e n  o f  
t h e  c o r e p r e s s o r  t r y p to p h a n  i s  in v o lv e d  i n  h y d ro g e n  b o n d in g  
t o  an  u n e s t e r i f i e d  oxygen  (O tw in o w sk i a l . ,  1 9 8 8 ) . The 
s p e c i f i c  DNA s e q u e n c e  i s  r e q u i r e d  t o  p ro d u c e  t h e  c o r r e c t  
a l ig n m e n t  b e tw e e n  r e p r e s s o r  an d  o p e r a t o r .  The T rp  r e p r e s s o r  
a l s o  r e c o g n iz e s  an d  b in d s  t o  t h e  aroH  an d  th e  t rp R  o p e r a t o r s
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(G u n sa lu s  a n d  Y an o sk y , 1 9 8 0 ) .  The a c t i v i t y  o f  t h e  T rp  
r e p r e s s o r  d e p e n d s  on t h e  c o n c e n t r a t i o n  o f  f r e e  t r y p to p h a n  
i n  t h e  c e l l .  U n d er t r y p t o p h a n  d e p r i v a t i o n  t h e  c o r e p r e s s o r  
t r y p t o p h a n , d i s s o c i a t e s  fro m  t h e  T rp  r e p r e s s o r  co m p lex  
l e a v i n g  a n  i n a c t i v e  T rp  a p o r e p r e s s o r . The a p o r e p r e s s o r  
u n a b le  t o  r e c o g n iz e  a n d  b in d  t o  t h e  t r p  o p e r a t o r  e x p o s e s  t h e  
a d j a c e n t  t r p  p ro m o te r  a l lo w in g  RNA p o ly m e ra s e  t o  b in d  an d  
i n i t i a t e  t r a n s c r i p t i o n  (Y a n o fsk y  an d  C ra w fo rd , 1 9 8 7 ) .
T r a n s c r i p t i o n  o f  t h e  t r p  o p e ro n  i s  a l s o  r e g u l a t e d  
b y  a  s e c o n d  m ech an ism  c a l l e d  a t t e n u a t i o n .  A t t e n u a t i o n  
a l lo w s  f o r  t r a n s c r i p t i o n  t e r m i n a t i o n  o f  t h e  t r p  o p e r o n .  
B etw een  t h e  t r a n s c r i p t  s t a r t  s i t e  a n d  t h e  f i r s t  s t r u c t u r a l  
g e n e  ( t r p E ) i s  a  l e a d e r  r e g i o n  o f  162 b p . The f o l lo w in g  
s p e c i a l  f e a t u r e s  o f  t h i s  r e g i o n  a r e  r e s p o n s i b l e  f o r  a t t e n u a ­
t i o n  (L ee  f i t  f i l . ,  1 9 7 8 ) .  As t h e  t r p  l e a d e r  ( t r p L ) r e g io n  i s  
t r a n s c r i b e d ,  t h e  mRNA fo rm s  s e c o n d a ry  s t r u c t u r e s  t h a t  s e r v e  
a s  s i g n a l s  t o  RNA p o ly m e ra s e .  The f o r m a t io n  o f  t h e s e  
s e c o n d a ry  s t r u c t u r e s  d e p e n d  on t h e  l o c a t i o n  o f  t h e  t r a n s l a t ­
in g  r ib o s o m e  t h a t  im m e d ia te ly  a t t a c h e s  t o  t h e  mRNA w h i le  RNA 
p o ly m e ra s e  s y n t h e s i z e s  t h e  m e ss a g e . F o r  i n s t a n c e  when mRNA 
r e g i o n s  1 an d  2 fo rm  h y d ro g e n  bond  c o n t a c t s  t h i s  s e r v e s  a s  a  
p a u s e  s i g n a l  f o r  t h e  RNA p o ly m e ra s e  t o  t e m p o r a r i l y  h a l t  
s y n t h e s i s  u n t i l  t h e  r ib o s o m e  m oves a lo n g  t o  m e l t  o u t  r e g io n s  
1 an d  2 (O x en d er f i t  fil* #  1 9 7 9 ) .  The m ovem ent o f  t h e
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r ib o so m e  d e p e n d s  o n  t h e  a v a i l a b i l i t y  o f  c h a rg e d  tRNA f o r  
am ino a i d s  co d e d  on  th e  t r p L  s e q u e n c e . The l e a d e r  
s e q u e n c e  c o n t a i n s  a  p a i r  o f  tan d em  t r p  c o d o n s  l o c a t e d  i n  a  
s t r a t e g i c  l o c a t i o n  t h a t  c a n  ch an g e  t h e  f o r m a t io n  o f  a l t e r ­
n a t e  s e c o n d a ry  s t r u c t u r e s .  I f  t h e  l e v e l  o f  t r y p to p h a n  i s  
s o  low  t h a t  tRNA f o r  t r p  re m a in s  u n c h a rg e d , t r a n s l a t i o n  o f  
t h e  t r p L  w i l l  b e  s t a l l e d  a t  t h e  t r p  c o d o n s . The s t a l l e d  
r ib o so m e  a i d s  i n  t h e  f o rm a t io n  o f  t h e  s e c o n d a ry  s t r u c t u r e  
b e tw een  i i p L  r e g io n s  2 an d  3 .  F o r  RNA p o ly m e ra se  t h i s  i s  a  
s i g n a l  t o  c o n t in u e  t r a n s c r i p t i o n  i n t o  t h e  t r p  s t r u c t u r a l  
g e n e s .  On t h e  o t h e r  h a n d , i f  t h e r e  i s  s u f f i c i e n t  c h a rg e d  
tRNA f o r  t r p .  t h e  r ib o so m e  w i l l  f o l lo w  b e h in d  t h e  RNA 
p o ly m e ra se  a l lo w in g  f o r  s e c o n d a ry  s t r u c t u r e  f o rm a t io n  b e tw ee n  
£ c d i  r e g io n s  3 a n d  4 . The s t r u c t u r e  i s  a  G C r i c h  a r e a  o f  
d yad  sym m etry  fo l lo w e d  by  a  s e r i e s  o f  U 's .  The fo rm a t io n  o f  
t h i s  s e c o n d a ry  s t r u c t u r e  s i g n a l s  r h o  in d e p e n d e n t  t r a n s c r i p ­
t i o n  t e r m i n a t i o n .  A t t h i s  p o i n t  RNA p o ly m e ra se  s to p s  
t r a n s c r i p t i o n  b e f o r e  e n t e r i n g  i n t o  t h e  t r p  s t r u c t u r a l  g e n e s .  
O nly a  s h o r t  p e p t i d e  o f  16 am ino a c i d s  i s  s y n th e s i z e d  by t h e  
r ib o s o m e . I n  e f f e c t  t h e  t r a n s c r i p t i o n  an d  t r a n s l a t i o n  o f  t h e  
t r p  o p e ro n  h a s  b e e n  a t t e n u a t e d  (L a n d ic k  an d  Y a n o fsk y , 1 9 8 7 ) .
The tw o  m echanism s f o r  t r p  o p e ro n  e x p r e s s io n  i n  
£ . £ qH  a r e  s e n s i t i v e  t o  d i f f e r e n t  c e l l u l a r  l e v e l s  o f  
t r y p to p h a n .  R e p r e s s io n  r e g u l a t e s  t r p  g en e  e x p r e s s io n  a t
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h ig h  t o  m o d e ra te  t r y p to p h a n  l e v e l s .  W h ile  a t t e n u a t i o n  
c o n t r o l s  t h e  t r p  o p e ro n  o v e r  m i ld  t o  s e v e r e  t r y p to p h a n  
s t a r v a t i o n  (Y a n o fsk y  an d  C ra w fo rd , 1 9 8 7 ) .  R e p r e s s io n  an d  
a t t e n u a t i o n  w ere  s e p a r a t e l y  m e a s u re d  t o  d e te r m in e  t h e  
r e l a t i v e  c o n t r i b u t i o n s  o f  e a c h  t o  t h e  r e g u l a t i o n  o f  t h e  t r p  
o p e ro n  (Y a n o fsk y , 1 9 8 5 ; Y a n o fsk y  e t  a l . .  1 9 8 4 ) .  R e p r e s s io n  
w as r e l i e v e d  by  a  5 0 -7 0  f o l d  i n c r e a s e  i n  t r p  g e n e  e x p r e s s i o n  
i n  t r y p to p h a n  s t a r v e d  c u l t u r e s  r e l a t i v e  t o  t r y p to p h a n  
c o n t a i n i n g  c u l t u r e s  w i th o u t  a t t e n u a t i o n  r e l i e f  ( J a c k s o n  an d  
Y a n o fsk y , 1 9 7 2 ) . U nder s e v e r e  t r y p to p h a n  s t a r v a t i o n ,  
a t t e n u a t i o n  was a l s o  r e l i e v e d  a n d  t r p  o p e ro n  e x p r e s s i o n  w as 
i n c r e a s e d  600 f o l d  a b o v e  c u l t u r e s  g ro w in g  i n  t r y p to p h a n  
e x c e s s  ( J a c k s o n  an d  Y a n o fsk y , 1 9 7 3 ; B e r t r a n d  an d  Y a n o fsk y ,
1 9 7 6 ) .  I n  te rm s  o f  r e l a t i v e  c o n t r i b u t i o n s  r e p r e s s i o n  c a n  
r e d u c e  t r a n s c r i p t i o n  up  t o  60 f o l d  w h i le  a t t e n u a t i o n  c a n  
r e d u c e  t r a n s c r i p t i o n  by  a t  m o s t 10 f o l d  (Y a n o fs k y , 1 9 8 1 ) .
O th e r  f e a t u r e s  o f  t h e  E . c o l i  t r p  o p e ro n  a r e  t h e  
p r e s e n c e  o f  an  i n t e r n a l  p r o m o te r  u p s tr e a m  t o  t h e  t r p C  g en e  
(H o ro w itz  an d  P l a t t ,  1 9 8 2 ; M orse an d  Y a n o fsk y , 1 9 6 8 ) ,  t h e  
o v e r l a p p in g  o f  t r a n s l a t i o n a l  s t a r t  an d  s t o p  co d o n s  
(O ppenheim  and  Y a n o fsk y , 1980) a n d  t h e  p r e s e n c e  o f  rh o  
in d e p e n d e n t  and  r h o  d e p e n d e n t  t e r m i n a t o r s  a t  t h e  en d  o f  t h e  
£EE o p e ro n  (Wu f i t  f i l . ,  1 9 8 1 ) .
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I n  E .c o l i  t h e  i n t e r n a l  p ro m o te r  i s  a  low  l e v e l  
c o n s t i t u t i v e  p ro m o te r  (p 2 ) (H o ro w itz  an d  P l a t t ,  1982) t h a t  
i s  i n s e n s i t i v e  t o  t h e  t r y p to p h a n  a v a i l a b i l i t y  o f  t h e  c e l l .  
The low  l e v e l  o f  e x p r e s s io n  may b e  a t t r i b u t e d  t o  i t s  l a c k  
o f  c o n s e n s u s  s e q u e n c e  g e n e r a l l y  s e e n  i n  o t h e r  E .c o l i  
p r o m o te r s .  The d o w n stream  t r p C (F ) . t r p B  a n d  t rp A  g en e  
p r o d u c t s  a r e  a lw a y s  a v a i l a b l e  i n  low  am o u n ts  t o  a c t  
im m e d ia te ly  to w a rd s  t h e  s y n t h e s i s  o f  t r y p to p h a n ,  o n ce  t h e  
t r p E  a n d  trp (G )D  g en e  p r o d u c ts  a r e  m ade. T h is  ad d ed  
f e a t u r e  may b e  c r i t i c a l  i n  t im e s  o f  s e v e r e  t r y p to p h a n  
s t a r v a t i o n  t o  a l lo w  f o r  t h e  q u ic k  r e c o v e r y  o f  t h e  c e l l .
The t r a n s l a t i o n a l  c o u p l in g  o f  t h e  t r p  g e n e s  o f  
E .S ff il i  by  t h e  o v e r l a p p in g  s t a r t  an d  s to p  c o d o n s  o f  a d j a c e n t  
g e n e s  i s  b e l i e v e d  t o  i n s u r e  a  1 :1  s t o i c h i o m e t r i c  am ount o f  
t h e  g e n e  p r o d u c t s  o f  t h e  t r p  o p e ro n .  T h is  i n s u r e s  t h e  
c o o r d i n a t e  p r o d u c t io n  o f  t h e  g e n e s  in v o lv e d  i n  t r y p to p h a n  
b i o s y n t h e s i s  (O ppenheim  and  Y a n o fsk y , 1 9 8 0 ) .
The r h o - in d e p e n d e n t  an d  r h o -d e p e n d e n t  t e r m i n a t o r s  
l o c a t e d  36 an d  1400 b a s e s  fro m  t h e  en d  o f  t h e  t rp A  g en e  
a r e  b e l i e v e d  t o  a i d  i n  t h e  s t a b i l i t y  o f  t h e  t r p  mRNA. 
D e g r a d a t io n  o f  t h e  t r p  mRNA fro m  t h e  rh o -d e p e n d e n t  
t e r m i n a t o r  by  a  3 ' t o  5 ' e x o n u c le a s e  i s  t e m p o r a r i l y  h a l t e d  
a t  t h e  s e c o n d a ry  s t r u c t u r e  fo rm ed  b y  t h e  r h o - in d e p e n d e n t  
t e r m i n a t o r  (Wu sJfc a l . ,  1 9 8 1 ) .
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The t r p  o p e ro n  o f  B .s u b t i l i s . a  gram  p o s i t i v e  .o rg a n ism , 
i s  r e g u l a t e d  by a  t r p  r e p r e s s o r  p r o t e i n ,  t h e  g e n e  p r o d u c t  
o f  t h e  5 - m e th y l t r y p to p h a n  r e s i s t a n t  lo c u s  (&&£) (Hoch e t  a l . ,  
1 9 7 1 ; H och, 1 9 7 4 ) . When t h e  t r p  p ro m o te r  o f  t h e  B .s u b t i l i s  
t r p  o p e ro n  was rem oved  an d  r e p l a c e d  w i th  f o r e i g n  p r o m o te r s ,  
r e g u l a t i o n  b y  t h e  t r y p to p h a n  a v a i l a b i l i t y  o f  t h e  c e l l  
c o n t in u e d .  T h is  o b s e r v a t i o n  l e d  S h im o tsu  f i i a l . ,  (1986) 
t o  p o s t u l a t e  a  n o v e l  fo rm  o f  t r y p to p h a n  r e g u l a t i o n  c a l l e d  
t r a n s c r i p t  a t t e n u a t i o n .  The p r o m o te r - o p e r a to r  s t r u c t u r e  
s e e n  i n  t h e  E .c o l i  t r p  o p e ro n  d o e s  n o t  e x i s t  i n  t h e  t r p  
o p e ro n  o f  B .s u b t i l i s . A n a lo g o u s  t o  t h e  t r p  o p e ro n  o f  E .c o l i . 
a  l e a d e r  s e q u e n c e  l o c a t e d  5 ' t o  t h e  t r p  s t r u c t u r a l  g e n e s  i s  
t r a n s c r i b e d  by  RNA p o ly m e ra s e .  The p r e s e n c e  o f  a  l e a d e r  
s e q u e n c e  a p p e a r s  t o  b e  t h e  o n ly  s i m i l a r i t y  b e tw e e n  t r p  g en e  
r e g u l a t i o n  i n  E . f i s l i  and  t h e  E a s i l l i .
B ased  on  DNA s e q u e n c e  a n a l y s i s  t h e  l e a d e r  
t r a n s c r i p t s  o f  b o th  B .p u m ilu s  a n d  B .s u b t i l i s  t r p  o p e ro n s  
do  n o t  c o n t a i n  tan d em  t r p  c o d o n s  i n  s t r a t e g i c  l o c a t i o n s  
(S h im o ts u  s i . ,  1986 ; K uroda f i t  f i l . , 1 9 8 6 ) .  Tandem t r p  
c o d o n s  i n  t h e  l e a d e r  o f  E .c o l i  a r e  r e q u i r e d  f o r  t h e  c o u p le d  
t r a n s c r i p t i o n  t r a n s l a t i o n  a t t e n u a t i o n  o f  t h e  t r p  o p e ro n  
in v o l v i n g  RNA p o ly m e ra s e ,  t h e  r ib o s o m e , an d  c h a rg e d  t R N A t r p .  
T h is  l e a d s  o n e  t o  b e l i e v e  t h a t  t h e  r ib o s o m e  may n o t  b e
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in v o lv e d  i n  a t t e n u a t i o n  i n  t h e  B .s u b t i l i s  t r p  o p e ro n . 
H ow ever, t h e  t r a n s c r i p t  h a s  t h e  p o t e n t i a l  t o  fo rm  tw o 
a l t e r n a t e  s e c o n d a ry  s t r u c t u r e s , one w hich  r e s e m b le s  a  rh o  
in d e p e n d e n t  t r a n s c r i p t  t e r m i n a t o r , t h e  o t h e r  an  a n t i ­
t e r m i n a t o r .  In  t h e  p r e s e n c e  o f  e x c e s s  t r y p to p h a n , th e  
t r p  r e p r e s s o r  i s  b e l i e v e d  t o  b in d  t o  d i r e c t  r e p e a t s  on th e  
t r p L  mRNA s e q u e n c e . D e le t io n  a n a ly s e s  o f  t h e s e  d i r e c t  
r e p e a t s  a b o l i s h e d  r e g u l a t i o n  by t ry p to p h a n  c r e a t i n g  a 
c o n s t i t u t i v e  m u ta t io n .  The b in d in g  o f  an  a c t i v a t e d  t r p  
r e p r e s s o r  t o  t h e s e  d i r e c t  r e p e a t s ,  p r e v e n ts  t h e  fo rm a t io n  
o f  th e  a n t i t e r m i n a t o r ,  f a c i l i t a t i n g  th e  f o rm a tio n  o f  th e  
t e r m i n a t o r .  A t t h i s  s i g n a l  t h e  RNA p o ly m e ra se  d i s s o c i a t e s  
a t t e n u a t i n g  th e  t r a n s c r i p t  a t  th e  l e a d e r .  D u rin g  t r y p t o ­
phan  s t a r v a t i o n ,  t r y p to p h a n  i s  u n a v a i l a b le  t o  f a c i l i t a t e  
T rp  r e p r e s s o r  a c t i o n  on th e  l e a d e r  t r a n s c r i p t .  T h is  a l lo w s  
t h e  fo rm a tio n  o f  t h e  a n t i t e r m i n a t o r  w hich  e x c lu d e s  th e  
fo rm a tio n  o f  t h e  p o t e n t i a l  dow nstream  t e r m i n a t o r  (S h im o tsu  
a l . , 1986; K uroda a l . ,  1 9 8 6 ). The t r a n s c r i p t  i s  
s y n th e s iz e d  th ro u g h  th e  t r p  s t r u c t u r a l  g e n e s  and  p o s s ib ly  
i n t o  t h e  a d ja c e n t  h is H . tv rA , and aroE  g e n e s .  The t r p  
o p e ro n  o f  B .s u b t i l i s  i s  lo c a t e d  n e a r  o t h e r  g e n e s  r e s p o n s ib le  
f o r  t h e  s y n th e s i s  o f  a ro m a tic  com pounds. Some e v id e n c e  
e x i s t s  f o r  t r a n s c r i p t  i n i t i a t i o n  u p s tre a m  t o  t h e  t r p  
p ro m o te r .  T h is  l e a d s  t o  th e  p o s s i b i l i t y  t h a t  t h e  t r p  g en es
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a r e  p a r t  o f  a  s u p e r  a r o m a t ic  o p e ro n  (R o th  and  N e s t e r ,  1971; 
H enner s i  , 1 9 8 6 ) . I t  i s  n o t  c l e a r  w h a t r e l a t i o n s h i p  i f  
an y  t r p  o p e ro n  e x p r e s s io n  h a s  t o  t h e  s u p e r  o p e ro n  t h e o r y .
A p r im a ry  d i f f e r e n c e  b e tw e e n  t h e  B a c i l l i  and  
E .c o l i  i s  t h e  a b i l i t y  o f  th e  fo rm e r  t o  d i f f e r e n t i a t e  i n t o  a  
s p o r e .  S p o r u la t i o n  i s  t h e  l a s t  r e s o r t  o f  t h e  B a c i l l i  i n  
r e s p o n s e  t o  c a rb o n  o r  n i t r o g e n  o r  p h o s p h a te  s o u rc e  d e p le ­
t i o n  i n  t h e  e n v iro n m e n t (S o n e n s h e in ,  1 9 8 9 ) . The g ro w th  
an d  d e v e lo p m e n ta l  s ta g e  o f  t h e s e  gram  p o s i t i v e  o rg a n ism s  
d i c t a t e  w h ich  g e n e s  a r e  e x p r e s s e d .  The s e l e c t i v e  e x p r e s ­
s io n  o f  g e n e s  d u r in g  t h e  g ro w th  an d  d e v e lo p m e n t o f  th e  
B a c i l l i  in v o lv e  a t  p r e s e n t  n in e  s ig m a f a c t o r s  f o r  RNA 
p o ly m e ra s e  (M oran/ 1 9 8 9 ) . T h ese  s ig m a f a c t o r s  a l lo w  t h e  
RNA p o ly m e ra s e  h o loenzym e t o  r e c o g n iz e  d i f f e r e n t  p r o m o te r s .  
The m echan ism  t o  r e g u l a t e  t r p  o p e ro n  e x p r e s s io n  i n  
B .p u m ilu s  a n d  B .s u b t i l i s  o p e r a t e s  d u r in g  t h e  e x p o n e n t i a l  
v e g e t a t i v e  s t a g e .  D u rin g  s t a t i o n a r y  p h a s e  am ino a c id s  
c a n  b e  g e n e r a te d  by  e x t r a c e l l u l a r  p r o t e a s e s  t h a t  a r e  
e x c l u s i v e l y  p ro d u c e d  a t  t h i s  g ro w th  p h a s e  ( f o r  ex am p le , 
s u b t i l i s i n ,  V a l le  and  F e r r a r i ,  1 9 8 9 ) . In  E .c o l i  t h e  
m echan ism s o f  a d a p t a t i o n  d u r in g  s t a t i o n a r y  p h a s e  a r e  j u s t  
b e g in n in g  t o  be  s tu d i e d  and  i t  i s  n o t  known w h e th e r  th e y  
h a v e  s i m i l a r  k in d s  o f  p r o te a s e s  ( S h u l tz  & 1 ., 1 9 8 8 ) .
The d i f f e r e n c e s  i n  t h e  r e g u l a t o r y  m echanism  o f  th e
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t r y p t o p h a n  o p ero n B  o f  t h e s e  tw o  o rg a n is m s  may i n  p a r t  b e  
d u e  t o  t h e  a v a i l a b l e  o r  u n a v a i l a b l e  o p t i o n  t o  d e v e lo p  
i n t o  a  s p o r e  ( Z a l k i n  a n d  E b b o le r 1 9 8 8 ) .
I n  A . c a l c o a c e t i c u s  t h e  t r p E  a n d  t rp G .D .C  l o c i  
seem  t o  b e  c o o r d i n a t e l y  r e g u l a t e d  b y  t r y p t o p h a n  l e v e l s  i n  
t h e  c e l l .  C o n v e r s e ly  t h e  t r p F .B .A  lo c u s  show  d i f f e r e n t  
l e v e l s  o f  d e r e p r e s s i o n  f o r  t r p F  th a n  f o r  t h e  t r p B  a n d  
t r p A  g e n e  p r o d u c t s .  T h is  i n d i c a t e s  t h a t  tw o  r e g u l a t o r y  
r e g i o n s  w i t h i n  t h i s  l o c u s  r e p o n d  d i f f e r e n t l y  t o  t r y p t o ­
p h a n  a v a i l a b i l i t y .  I t  a l s o  i n d i c a t e s  t h e s e  r e g i o n s  
d i f f e r  i n  som e way t o  t h e  r e g u l a t o r y  r e g i o n s  o f  t h e  o t h e r  
tw o  t r p  l o c i  (Cohn a n d  C ra w fo rd , 1 9 7 5 ) .
R e g u l a t i o n  o f  t h e  f i v e  t r p  l o c i  i n  t h e  fu n g u s
S . c e r e v i s i a e  i s  u n d e r  a  g e n e r a l  c o n t r o l  t h a t  i n c l u d e  t h e  
g e n e s  f o r  many am in o  a c i d  b i o s y n t h e t i c  o p e r o n s  (S c h u rc h  
e t  a l . ,  1 9 7 4 ) .  D e p r i v a t i o n  f o r  any  o f  t h e s e  am in o  a c i d s  
s t i m u l a t e s  a l l  t h e  am in o  a c i d  b i o s y n t h e t i c  o p e r o n s ,  n o t  
j u s t  t h e  o n e  s i g n a l i n g  d e p l e t i o n .  T h is  r e g u l a t i o n  h a s  
b e e n  show n t o  o c c u r  a t  t h e  t r a n s c r i p t i o n a l  l e v e l .  Up­
s t r e a m  t o  t h e  p r o m o te r s  o f  h i s H . t r p E  t r p C (G ) a n d  trp B fA 1  
l o c i  a  n in e  b a s e  c o n s e n s u s  r e c o g n i t i o n  s e q u e n c e  (5 'A (A  o r  
T )GTGACTC3' )  i n  o n e  t o  t h r e e  c o p ie s  i s  fo u n d  ( D onahue 
e t  a l * , 1 9 8 3 ; H in n e b u s c h  a n d  F in k ,  1 9 8 3 ) .  A p o s i t i v e  
a c t i n g  r e g u l a t o r y  p r o t e i n  c a l l e d  GCN4 b in d s  t o  t h i s
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s e q u e n c e  and  a i d s  i n  t h e  t r a n s c r i p t i o n  o f  am ino a c id  
b i o s y n t h e t i c  o p e ro n s  ( S t r u h l  s i  a l . , 1 9 8 5 ) .
In  t h e  f l u o r e s c e n t  b a c t e r i a  P suedom onas a e r o -  
q in o s a  t h e  i x p £  an d  trp G .C .D  l o c i  a r e  c o o r d i n a t e l y  
r e g u l a t e d  by t r y p to p h a n .  The t r p F  lo c u s  i s  c o n s t i t u t i v e .  
The t r p l .B .A  lo c u s  i s  in d u c e d  b y  t h e  g e n e  p r o d u c t  o f  
t r p l .  The t r p l  g e n e  p r o d u c t  i s  a c t i v a t e d  by i n d o l y g l y e r o l  
p h o s p a te ,  t h e  s u b s t r a t e  o f  t r y p to p h a n  s y n t h e t a s e  (C alh o u n  
f i t  f i l * t 1973; E s s a r  s i  a l . ,  1 9 9 0 , 1 , 2 , 3 ;  Chang an d  
C ra w fo rd  1 9 9 0 ) .
A g e n e r a l  m echan ism  o p e r a t i v e  i n  many b i o s y n t h e t i c  
p a th w a y s  i s  f e e d b a c k  i n h i b i t i o n  o f  t h e  f i r s t  enzym e i n  
t h e  p a th w ay  by t h e  f i n a l  p r o d u c t .  The a n t h r a n i l a t e  
s y n t h e t a s e s  o f  many o rg a n is m s  i n c l u d i n g  t h e  o n e s  m e n tio n e d  
ab o v e  a r e  fe e d b a c k  i n h i b i t e d  by  t r y p to p h a n  ( P a b s t  a t  a l . . 
1973 ; Z a lk in ,  1980 ; Hoch s t  1 9 6 9 ) .  F e e d b a c k  i n h i b i ­
t i o n  i s  a  r e g u l a t o r y  c o n t r o l  m echan ism  o p e r a t i n g  a t  t h e  
p o s t t r a n s l a t i o n a l  l e v e l  w h ich  f u r t h e r  a d d s  t o  t h e  f i n e -  
t u r n i n g  o f  t r y p to p h a n  r e g u l a t i o n  i n  t h e  c e l l .
The e l u c i d a t i o n  o f  t h e  d i f f e r e n t  t r p  g en e  
a r ra n g e m e n ts  and  r e g u l a t o r y  m ech an ism s cam e a b o u t  by 
s tu d y in g  s t r u c t u r a l  a n d  f u n c t i o n a l  f e a t u r e s  o f  t h e  
o p e r o n s .  As t h e  num ber o f  d i f f e r e n t  o rg a n is m s  s tu d i e d  
i n c r e a s e d ,  t h e  o p p o r tu n i t y  f o r  c o m p a r a t iv e  e v a l u a t i o n
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b e tw e e n  th em  becam e g r e a t e r .  S t r u c t u r a l  an d  f u n c t i o n a l  
f e a t u r e s  o v e r lo o k e d  e i t h e r  a s  o d d i t i e s  o r  a s  u n iq u e  t o  a  
p a r t i c u l a r  o rg a n is m , r e v e a l  th e m s e lv e s  o v e r  an d  o v e r  a g a i n .  
When r e v ie w e d  from  a  c o m p a r a t iv e  p e r s p e c t i v e  m ore a t t e n t i o n  
i s  b r o u g h t  t o  th em . U l t i m a t e l y  t h e  b i t s  an d  p i e c e s  o f  
i n f o r m a t i o n  ad d  t o  t h e  g r e a t e r  p i c t u r e  a n d  t h e  b e t t e r  
u n d e r s t a n d i n g  o f  t h e  b a s i c  p r i n c i p l e s  u n d e r l y in g  g e n e  
r e g u l a t i o n .  I n  t h i s  s p i r i t  a  3 .6 - k b  p o r t i o n  c o n t a i n i n g  
t h e  t r p E . t r p D .  t r p C .  a n d  t r p F  g e n e s  o f  t h e  t r y p t o p h a n  
o p e ro n  o f  t h e  gram  p o s i t i v e  b a c t e r i a  B a c i l l u s  p u m ilu s  
h a s  b e e n  a n a ly z e d  a n d  i s  p r e s e n t e d  i n  t h i s  t h e s i s .
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P u r p o s e s  o f  t h i s  S tu d y
1 . To d e te r m in e  t h e  DNA s e q u e n c e  o f  a  s e c t i o n  o f  t h e  
t r y p t o p h a n  o p e ro n  o f  B a c i l l u s  p u m ilu s  f o r  a  c o m p a r a t iv e  
e v a l u a t i o n  b e tw e e n  gram  p o s i t i v e  a n d  g ram  n e g a t i v e  t r p  
s t r u c t u r a l  g e n e s .
2 .  To d e te r m in e  w h e th e r  u n iq u e  s t r u c t u r a l  a n d  f u n c t i o n a l  
f e a t u r e s  e x i s t  i n  t h e  t r y p t o p h a n  o p e ro n  o f  B a c i l l u s  
p u m i lu s .
3 .  To s tu d y  t h e  e x t e n t  o f  g en o m ic  h e t e r o l o g o u s  i n t e g r a ­
t i o n  a n d  w h e th e r  t h e r e  a r e  s e q u e n c e  b a r r i e r s  w h ic h  l i m i t  
t h i s  e v e n t .
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M a t e r i a l s  an d  M ethods
B a c t e r i a l  S t r a i n s  and  P la s m id s
£.£Um il313f B . f i i a k t i l iS /  an d  E .c o l i  s t r a i n s  an d  
p la s m id s  u s e d  i n  t h i s  s tu d y  a r e  d e s c r i b e d  i n  T a b le  I .  
H e te ro lo g o u s  B .s u b t i l i s  i n t e g r a n t s  s t r a i n s  w ere  c r e a t e d  
b y  p la s m id  t r a n s f o r m a t i o n  w i th  p M R lll an d  pMR131 ( F ig u r e  
1 1 ) .  C o n s t r u c t io n  o f  p la s m id s  a r e  d e s c r i b e d  b e lo w .
Chrom osom al DNA I s o l a t i o n
DNA w as i s o l a t e d  b y  t h e  p r o c e d u r e  o f  M arm ur, 
(1961) a s  m o d if ie d  by R u d n er afc a l .  ( 1 9 6 7 ) .  I s o l a t i o n  o f  
B .p u m ilu s  an d  B .s u b t i l i s  ch rom osom al DNA commenced w i th  
a  s t a r t e r  d ay  c u l t u r e  grow n i n  2 m l o f  v e a l  i n f u s i o n  
b r o th  and  0.5% y e a s t  e x t r a c t  (VY) ( D i f c o ) . H e te ro lo g o u s  
i n t e g r a n t  s t r a i n s  w ere  grow n i n  VY su p p le m e n te d  w i th  10 
u g /m l, o f  c h lo r a m p h e n ic o l  (Cm) (S ig m a ) . The c e l l s  w ere  
sp u n  down i n  a  c l i n i c a l  c e n t r i f u g e ,  w ashed  2 t im e s  w i th  
s t e r i l e  d i l u t i o n  s a l i n e ,  (0 .15M  N aC l, 0 .0 2M K2HP04 pH
7 .0 )  an d  s p o t - t e s t e d  f o r  t h e  r e q u i r e d  am ino  a c id s  o r  Cm*
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when a p p r o p r i a t e .  0 .2  m l o f  t h e  s t a r t e r  c u l t u r e  w as 
i n o c u l a t e d  i n t o  a  2 l i t e r  f l a s k  c o n t a i n i n g  500 ml o f  VY 
o r  VY + 10 u g /m l Cm an d  a e r a t e d  o v e r n i g h t  on  a  g y r a t o r y  
f l o o r  s h a k e r  a t  37°C . C u l t u r e s  w e re  p e l l e t e d  i n  250 ml 
c e n t r i f u g e  b o t t l e s  a t  5000 rpm  f o r  10 m in u t e s .  The 
s u p e r n a t a n t  w as d i s c a r d e d  a n d  t h e  p e l l e t  r e s u s p e n d e d  i n
4 -5  m l o f  0.15M  N aC I, 0.1M  EDTA pH 8 .0  p e r  g ram  o f  w e t 
w e ig h t  o f  c e l l s .  The c e l l s  w e re  t r a n s f e r r e d  i n t o  a  250 
m l f l a s k  a n d  in c u b a t e d  i n  a  37°C w a te r  b a t h  s h a k e r  w i th  
7 -1 0  mg o f  s o l i d  ly so z y m e  f o r  30 t o  60 m in u te s .  Sodium  
d o d e c y l  s u l f a t e  (SDS) w as a d d e d  t o  t h e  l y s a t e  a t  a  f i n a l  
c o n c e n t r a t i o n  o f  2.5%  a n d  h e a t e d  f o r  10 m in u te s  a t  60°C. 
The s u s p e n s io n  w as c o o le d  o n  i c e  a n d  b r o u g h t  t o  1M 
so d iu m  p e r c h l o r a t e  w i th  a  5M s to c k  s o l u t i o n .  An e q u a l  
vo lum e o f  c h lo r o f o r m - is o a m y l  ( 2 4 :1 )  w as a d d e d  an d  
a l lo w e d  t o  s h a k e  b y  w r i s t  a c t i o n  o r  by  a  t a b l e - t o p  
s h a k e r  f o r  30 m in u te s .  The e m u ls io n  w as c e n t r i f u g e d  a t  
1 0 f 000g  f o r  5 m in u te s  a n d  t h e  u p p e r  a q u e o u s  l a y e r  w as 
c a r e f u l l y  p i p e t e d  i n t o  a  c h i l l e d  250 m l b e a k e r  on  i c e .  
Two v o lu m es  o f  c o l d  95% e t h a n o l  w as g e n t l y  l a y e r e d  o n to  
t h e  a q u e o u s  l a y e r  an d  m ix ed  w i th  a  g l a s s  r o d .  The 
t h r e a d - l i k e  n u c l e i c  a c i d s  s p o o le d  on  t h e  r o d  a r e  d r a i n e d  
o f  e x c e s s  e t h a n o l  a n d  t r a n s f e r r e d  i n t o  a  c l e a n  50 m l 
g l a s s  s to p p e r  f l a s k .  F iv e  t o  10 m l o f  O .lxSS C  was
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ad d ed  and  t h e  f l a s k  was p la c e d  on  a  r o t a r y  s h a k e r  u n t i l  
i t  d i s s o l v e d .  S e v e r a l  h o u r s  l a t e r  o r  t h e  n e x t  day  RNAase 
A an d  RNAase T1 w ere  ad d ed  t o  a  f i n a l  c o n c e n t r a t i o n s  o f  
50 u g /m l and  500 t o t a l  u n i t s  r e s p e c t i v e l y  and  in c u b a te d  
f o r  30 m in u te s  a t  37°C. P ro n a s e  was ad d e d  t o  a  f i n a l  
c o n c e n t r a t i o n  o f  0 .5  m g/m l an d  in c u b a te d  f o r  a t  l e a s t  2 
h o u r s  a t  37°C. An e q u a l  vo lum e o f  c h lo ro fo rm - is o a m y l  was 
a d d e d , sh a k e n  f o r  10 m in u te s ,  an d  c e n t r i f u g e d  a t  1 0 ,0 0 0 g  
f o r  10 m in u te s .  The u p p e r  aq u eo u s  p h a s e  was rem oved t o  
a  s m a l l  g l a s s - s t o p p e r  f l a s k  a n d  an  e q u a l  volum e o f  80% 
b u f f e r e d  p h e n o l w as ad d e d  an d  sh a k e n  f o r  10 m in u te s  
th e n  c e n t r i f u g e d  a t  1 0 ,0 0 0 g  f o r  10 m in u te s .  An e t h e r  
e x t r a c t i o n  was p e r fo rm e d  w i th  e q u a l  v o lu m es and  th e  
b o tto m  aq u eo u s  l a y e r  was t r a n s f e r r e d  t o  a  50 ml b e a k e r  on 
i c e  a f t e r  c e n t r i f u g a t i o n  a t  1 0 ,0 0 0 g  f o r  10 m in u te s .  The 
a q u e o u s  l a y e r  was a d j u s t e d  t o  lxSSC fro m  a  s to c k  lOxSSC 
s o l u t i o n ,  2 v o lu m es o f  c o ld  e t h a n o l  w ere  a d d e d , and  
t h e  DNA was s p o o le d  a s  was s t a t e d  b e f o r e .  Two t o  5 
ml o f  O .lxSSC was ad d ed  t o  t h e  s p o o l  and  i t  was 
a l lo w e d  t o  d i s s o l v e .  E x te n s iv e  d i a l y s i s  was c a r r i e d  
o u t  i n  d i a l y s i s  b u f f e r  (DB) (lOmM T r is - H C l,  4mM NaCI,
ImM EDTA pH 7 . 0 ) .  The c o n c e n t r a t i o n  o f  DNA was 
d e te rm in e d  a t  260nm a ssu m in g  1 OD u n i t  = 50 u g /m l. A 
s to c k  o f  2 .0  OD a t  260nm i n  DB was made f o r  DNA
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r e s t r i c t i o n s  an d  a  s to c k  o f  0 .4  OD i n  lxS S C , k e p t  o v e r  
a  d ro p  o f  c h o lo r o fo r m , w as made f o r  t r a n s f o r m a t i o n  
a s s a y s .
P la s m id  DNA I s o l a t i o n  fro m  B . s u b t i l i s
L a r g e - s c a le  p la s m id  DNA i s o l a t i o n  fro m  
B .s u b t i l i s  w as by t h e  m ethod  o f  G u e rry  s i  ( 1 9 7 3 ) ,  
a s  m o d if ie d  by  G ry czan  s i  a l .  (1 9 7 8 ) an d  T ackney  
(1 9 8 1 ) .  A 0 .2  ml a l i q u o t  o f  day  s t a r t e r  c u l t u r e  was 
i n o c u l a t e d  i n t o  a  2 l i t e r  f l a s k  c o n t a i n i n g  500 m l o f  
VY + 5 u g /m l k anam ycin  (Km) a n d  grow n o v e r n i g h t  on a 
g y r a t o r y  f l o o r  s h a k e r .  The f o l lo w in g  m o rn in g , t h e  
c u l t u r e  w as c h i l l e d  on i c e  an d  p e l l e t e d  b y  c e n t r i f u g a ­
t i o n  a t  5000 rpm i n  250 m l c e n t r i f u g e  b o t t l e s  f o r  10 
m in u te s .  The p e l l e t  was r e s u s p e n d e d  i n  20 m l o f  b u f f e r  
A (25% s u c r o s e ,  0.1M N aCI, 0.05M  T ris -H C l pH 7 . 5 ) ,  c o n ­
t a i n i n g  0 .5  m g/m l ly so z y m e , an d  in c u b a te d  a t  37°C f o r  
15 m in u te s  w i th o u t  a g i t a t i o n .  I n  t h e  o r d e r  p r e s e n t e d ,  
t h e  f o l lo w in g  s o l u t i o n s  w ere  ad d e d : 4 .8  m l o f  5M N aC I, 
1 .2  ml o f  0.5M EDTA pH 8 .5 ,  a n d  26 ml o f  2% SDS, 0.7M 
N aC I. The s u s p e n s io n  was g e n t l y  i n v e r t e d  o n ce  and  
s t o r e d  a t  4°C f o r  18 h o u r s .  The f o l lo w in g  d ay  t h e  
l y s a t e  was c e n t r i f u g e d  a t  1 8 ,0 0 0  rpm f o r  2 h o u r s  i n  50
21
m l p l a s t i c  p o ly c a r b o n a te  t u b e s .  Im m e d ia te ly  a f t e r  t h e  
c e n t r i f u g e  s to p p e d ,  t h e  s u p e r n a t a n t  w as c o l l e c t e d  i n t o  a  
g r a d u a te d  c y l i n d e r .  E x t r a  c a r e  w as ta k e n  t o  a v o id  t h e  
v i s c o u s  b lo b  o f  c e l l u l a r  DNA a s s o c i a t e d  w i th  t h e  p e l l e t .  
The vo lum e was r e c o r d e d  an d  Na A c e ta te  w as ad d ed  t o  a  
f i n a l  c o n c e n t r a t i o n  o f  0 .3M . Two v o lu m es o f  c o ld  95% 
e t h a n o l  was ad d ed  an d  t h e  m ix tu r e  w as p l a c e d  i n  a  -20°C 
f r e e z e r  f o r  2 h o u r s  o r  o v e r n i g h t .  The p r e c i p i t a t e  w as 
c o l l e c t e d  by  c e n t r i f u g a t i o n  a t  5000 rpm f o r  30 m in u te s  
i n  150 m l c o r e x  c e n t r i f u g e  t u b e s .  A l l  t r a c e s  o f  e th a n o l  
w ere  p o u re d  o f f  an d  t h e  tu b e  was p la c e d  i n  a  d ry  vacuum  
f o r  1 h o u r .  The d ry  c r u s t y  p r e c i p i t a t e  w as d i s s o l v e d  i n
5 -1 0  m l o f  TES b u f f e r  (30mM T r is -H C l pH 7 . 5 ,  50mM N aCI, 
5mM EDTA). RNAse-A an d  RNAse T1 w ere  a d d e d  t o  t h e
s u s p e n s io n  a t  f i n a l  c o n c e n t r a t i o n s  o f  50 u g /m l an d  1
u n i t / m l  r e s p e c t i v e l y ,  an d  in c u b a te d  a t  3 7 °C f o r  30 
m in u te s .  P r e d ig e s t e d  p r o n a s e  was ad d ed  a t  a  0 .5  m g/ml 
f i n a l  c o n c e n t r a t i o n  and  in c u b a te d  f o r  3 t o  7 h o u r s  u n t i l
t h e  l y s a t e  was n e a r l y  c l e a r .  The c l e a r  l y s a t e  w as s u i t ­
a b l e  an d  h ig h ly  a c t i v e  f o r  p la s m id  t r a n s f o r m a t i o n  
e x p e r im e n ts .  A 3 t o  5 m l p o r t i o n  w as u s e d  f o r  f u r t h e r  
p la s m id  p u r i f i c a t i o n  by  C sC l-E tB r  b u o y a n t d e n s i t y  
g r a d i e n t  c e n t r i f u g a t i o n .
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R ap id  P l a sm id  DNA I s o l a t i o n  fro m  B . s u b t i l i s
R a p id  p la s m id  i s o l a t i o n  fro m  B .s u b t i l i s  f o l lo w e d  
t h e  p r o c e d u r e  o f  R o d r ig u e z  a n d  T a i t ,  ( 1 9 8 3 ) .  B .s u b t i l i s  
c e l l s  c o n t a i n i n g  p la s m id s  w e re  grow n o v e r n i g h t  i n  5 ml 
o f  VY + 5 u g /m l Km, p e l l e t e d  i n  a  c l i n i c a l  c e n t r i f u g e  
f o r  10 m in u te s  a n d  r e s u s p e n d e d  i n  1 .5  m l o f  SET b u f f e r  
(20% S u c r o s e ,  50mM T r is -H C l pH 7 .6 ,  50mM EDTA). E ach  
c u l t u r e  was t r a n s f e r r e d  t o  a  1 .5  m l m ic ro f u g e  tu b e  an d  
sp u n  f o r  1 m in u te .  The p e l l e t  was r e s u s p e n d e d  i n  150 u l  
o f  SET b u f f e r  t o  w h ic h  20 u l  o f  RNAse-A (1 0  m g/m l i n  
0.5M  Na A c e t a t e ,  0.3M  EDTA pH 4 .8  h e a t e d  t o  80°C f o r  10 
m in u te s )  a n d  50 u l  o f  ly so z y m e  (5 m g/m l i n  lOmM T r is -H C l 
pH 7 . 6 ,  ImM EDTA, lOmM N aCI) w e re  a d d e d  a n d  v o r te x e d .
T h re e  h u n d re d  f i f t y  u l  o f  l y t i c  m ix  (1% SDS, 0 .2N  NaOH 
made f r e s h  e v e r y  w eek) was ad d e d  a t  room  t e m p e r a tu r e ,  
v o r t e x e d ,  a n d  p l a c e d  on  i c e  f o r  10 m in u te s .  To 
p r e c i p i t a t e  t h e  ch ro m o so m al DNA, 250 u l  o f  Na A c e ta te  
(3 .0M  Na A c e ta t e  pH 4 .8 )  w as a d d e d , t u b e s  w e re  i n v e r t e d  
15 t im e s  an d  p l a c e d  on i c e  f o r  1 h o u r .  The s o l u t i o n  w as 
m ic ro fu g e d  f o r  6 m in u te s  a t  4°C an d  t h e  s u p e r n a t a n t  was 
s a v e d  i n  a  c l e a n  m ic ro fu g e  t u b e .  An e q u a l  vo lum e o f  
i s o p r o p a n o l  w as a d d e d , m ix ed  b y  i n v e r s i o n ,  a n d  m ic ro ­
fu g e d  f o r  10 m in u te s  a t  room  t e m p e r a t u r e .  I s o p r o p a n o l  
w as rem oved  an d  t h e  p la s m id  p e l l e t  w as w ash ed  2 t im e s
.w ith  1 m l 70% e t h a n o l .  The p e l l e t  was vacuum  d r i e d  i n  a  
s p e e d  vacuum  d e s i c a t o r  f o r  10 m in u te s ,  r e s u s p e n d e d  i n  
5 0 -1 0 0  u l  o f  dH20 , an d  s t o r e d  a t  -20°C .
P la sm id  I s o l a t i o n  from  E . c o l i
L a r g e - s c a le  i s o l a t i o n  was p e r fo rm e d  by t h e  
p r o c e d u re  o f  T anaka and  W eisb lum , (1 9 7 5 ) .  A 20 ml 
s t a r t e r  c u l t u r e  o f  E .c o l i  c o n ta in in g  p a r e n t a l  o r  r e ­
c o m b in a n t p la s m id  DNA was i n o c u l a t e d  i n t o  500 m l L u r ia  
B ro th  (LB: 1% b a c t o t r y p to n e ,  1% N aC I, 0.5% y e a s t  e x t r a c t  
0.1% g lu c o s e ,  w i th  t h e  a p p r o p r i a t e  a n t i b i o t i c s  a d d e d , 
a m p i c i l l i n  100 u g /m l (Ap) o r  t e t r a c y c l i n e  10 u g /m l (T c ))  
The s t a r t i n g  c o l o r im e t e r  r e a d in g s  ( r e d  f i l t e r )  was 30 t o  
35 k l e t t  u n i t s .  The c u l t u r e  was in c u b a te d  a t  37°C i n  a 
2 l i t e r  f l a s k  and  a e r a t e d  on a  f l o o r  s h a k e r .  I t  was 
grown f o r  4 h o u rs  o r  u n t i l  K l e t t  r e a d in g s  r e a c h e d  180 
u n i t s .  A t t h i s  t im e  90 mg o f  s o l i d  Cm was ad d ed  and  
t h e  f l a s k  was r e t u r n e d  t o  t h e  f l o o r  s h a k e r  f o r  o v e r n ig h t  
a m p l i f i c a t i o n  o f  p la s m id  DNA (C le w e ll  and  H e l s in k i ,
1 9 7 2 ) . C u l tu r e s  w ere  c h i l l e d  i n  an  i c e  s l u r r y ,  p e l l e t e d  
a t  5000 rpm f o r  10 m in u te s ,  an d  re s u s p e n d e d  i n  8 ml o f  
c o ld  T r i s - S u c r o s e  b u f f e r  (50 mM T ris -H C l pH 8 .0 ,  25% 
s u c r o s e ) .  The s u s p e n s io n  was t r a n s f e r r e d  t o  50 ml
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p o ly c a r b o n a te  tu b e s  an d  p l a c e d  on i c e .  S o l i d  ly so zy m e 
(7mg) an d  20 u g /m l RNAse-A (C o o p er B io c h e m ic a ls )  w ere  
a d d ed  an d  k e p t  on  i c e  f o r  15 m in u te s . G e n t ly  0 .8  ml o f  
250 mM EDTA pH 8 .0  a n d  8 ml o f  T r i t o n  s o l u t i o n  (0.3%  
T r i t o n  X -100 (S ig m a ) , 188mM EDTA, 150mM T r is -H C l pH 8 .0 )  
w ere  ad d e d  a n d  k e p t  o n  i c e  f o r  1 5 -3 0  m in u te s .  The l y s a t e  
w as p e l l e t e d  by  c e n t r i f u g a t i o n  a t  2 0 ,0 0 0  rpm  f o r  90 t o  
120 m in u te s .  The s u p e r n a t a n t  was im m e d ia te ly  s a v e d  and  
m ix ed  w i th  a n  e q u a l  vo lum e e a c h  o f  w a te r  an d  80% p h e n o l .  
The 80% p h e n o l  was b u f f e r e d  w i th  2M T r is -H C l t o  pH 8 .0  
w i th  ad d ed  0.1% 8 - h y d r o x y q u in o l in e  t o  p r e v e n t  o x i d a t i o n  
( G a l l a r d  S c h l e s i n g e r ) . The m ix tu r e  w as c e n t r i f u g e d  a t  
1 0 ,0 0 0  rpm f o r  10 m in u te s  i n  30 m l c o r e x  t u b e s .  The 
a q u e o u s  p h a s e  was t r a n s f e r r e d  t o  a  g l a s s  s to p p e r  f l a s k  
an d  Na A c e ta te  was ad d ed  t o  a  f i n a l  c o n c e n t r a t i o n  o f  
0 .3M . T h ree  v o lu m es o f  c o ld  e t h a n o l  w ere  ad d ed  and  th e  
p la s m id  was p r e c i p i t a t e d  o v e r n i g h t  a t  -2 0 °C . The 
p r e c i p i t a t e  was p e l l e t e d  a t  8000 rpm  i n  250 m l p l a s t i c  
c e n t r i f u g e  b o t t l e s  f o r  10 m in u te s  an d  w ash ed  w i th  70% 
e t h a n o l  b e f o r e  i t  w as vacuum  d r i e d .  The p e l l e t  was 
r e s u s p e n d e d  i n  2 -3  m l o f  TE b u f f e r  (lOmM T r is -H C l pH 
8 . 0 ,  50 mM EDTA). T y p ic a l ly  2 -3  mg o f  p la s m id  w ere  
i s o l a t e d  fro m  a  500 m l c u l t u r e .
M in i R a p id  I s o l a t i o n  o f  P la s m id  f rom  E . c o l i
P la s m id  an d  r e p l i c a t i v e  fo rm s  o f  Ml3 (RF) DNA w ere  
i s o l a t e d  b y  t h e  r a p i d  a l k a l i n e  l y s i s  m eth o d  o f  B irn b o im  
a n d  D o ly  ( 1 9 7 9 ) .  P la s m id  b e a r i n g  o r  p h a g e  i n f e c t e d  
E . £ £ l i  c e l l s  w ere  c u l t u r e d  o v e r n i g h t  i n  5 m l LB 
p l u s  a n t i b i o t i c  o r  2xYT r e s p e c t i v e l y  (lx Y T : 1% 
b a c t o t r y p t o n e ,  1% N aC I, 0.5% y e a s t  e x t r a c t ) ,  p e l l e t e d  i n  
a  t a b l e - t o p  c e n t r i f u g e  f o r  10 m in u te s ,  r e s u s p e n d e d  i n  1 .5  
m l d i l u t i o n  s a l i n e ,  an d  t r a n s f e r r e d  t o  1 .5  m l m ic ro f u g e  
t u b e s .  C e l l s  w ere  m ic ro fu g e d  f o r  1 m in u te ,  r e s u s p e n d e d  i n  
200 u l  o f  s o l u t i o n  I  (50mM g l u c o s e ,  10 mM EDTA, 25mM T r i s -  
HCl pH 8 . 0 ,  w i th  f r e s h l y  a d d e d  2 m g/m l ly so z y m e , 250 u g /m l 
RNAse-A) an d  k e p t  on i c e  f o r  30 m in u te s .  A f te rw a r d s  400 
u l  o f  f r e s h l y  made s o l u t i o n  I I  (0 .2 N  NaOH, 1% SDS) w as 
a d d e d , m ix ed  by i n v e r s i o n ,  a n d  i n c u b a te d  on i c e  f o r  5 
m in u te s .  To p r e c i p i t a t e  ch ro m o so m al DNA 300 u l  o f  3.0M  
Na A c e t a t e  pH 4 .8  was a d d e d  a n d  p l a c e d  on i c e  f o r  60 
m in u te s .  The ch ro m o so m al DNA a n d  p r o t e i n s  w e re  p e l l e t e d  
i n  a  c o l d  m ic ro fu g e  f o r  15 m in u te s ,  w i th  t h e  s u b s e q u e n t  
t r a n s f e r  o f  t h e  s u p e r n a t a n t  i n t o  a  c l e a n  m ic ro fu g e  t u b e .  
P la s m id  DNA was p r e c i p i t a t e d  w i th  2 v o lu m es o f  c o ld  95% 
e t h a n o l  an d  p la c e d  a t  -70°C  f o r  30 m in u te s .  The e t h a n o l  
w as rem o v ed  an d  t h e  p e l l e t  w as r e s u s p e n d e d  i n  0.3M  Na 
A c e t a t e ,  lOmM EDTA an d  r e p r e c i p i t a t e d  w i th  tw o v o lu m es  o f
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e t h a n o l .  A f t e r  an  a d d i t i o n a l  30 m in u te s  a t  -7Q°C t h e  
p r e c i p i t a t e  w as p e l l e t e d /  w ash ed  2 t im e s  w i th  70% e t h a n o l  
a n d  d r i e d  i n  a  vacuum  d e s i c a t o r  f o r  1 0 -1 5  m in u te s .  The 
p e l l e t  w as r e s u s p e n d e d  i n  100 u l  dH20 , h e a t  i n a c t i v a t e d  a t
68°C f o r  10 m in u te s ,  an d  s t o r e d  a t  -20»C  u n t i l  n e e d e d .
L a r g e - s c a l e  I s o l a t i o n  o f  R e p l i c a t i v e  Form a n d  S i n a l e -  
S t r a n d e d  M l3 p h a g e  DNA
A s o f t  a g a r  p l a t e  w as s e e d e d  w i th  a  f r e s h  law n  
o f  £ . £ Q l i  s t r a i n  7 1 -1 8  o r  JM101 i n  e a r l y  lo g  p h a s e  o f  
g ro w th  (5 0 -8 0  K l e t t  u n i t s ) .  A l o o p f u l  o f  d e s i r e d  ly s o g e n  
w as p l a c e d  o n  t h e  la w n . I n  4 -6  h o u r s  o r  o v e r n i g h t ,  a  
b i t  o f  t h e  p la g u e  a r e a  fro m  t h e  law n  o f  c e l l s  w as s c r a p p e d  
o f f  w i th  a  lo o p  an d  a d d e d  t o  2 ml o f  2xYT t o  w h ic h  0 .2  ml o f  
f r e s h  h o s t  c e l l s  w e re  a d d e d . T h is  s t e p  w as p e r fo r m e d  t o  
i n s u r e  i n f e c t i o n  o f  E .c o l i  by  p h a g e . The p h a g e  c e l l  
m ix tu r e  w as a d d e d  t o  500 m l o f  2xYT i n  a  2 l i t e r  f l a s k  
a n d  grow n w i th  v ig o r o u s  s h a k in g  a t  37<>c f o r  n o  m ore  t h a n  
1 6 -1 8  h o u r s .  The c e l l s  a n d  s u p e r n a t a n t  w e re  h a r v e s t e d  
a n d  s a v e d .  The c e l l  p e l l e t  w as p r o c e s s e d  e x a c t l y  a s  t h e  
E .c o l i  p la s m id  i s o l a t i o n  p r o c e d u re  m e n tio n e d  a b o v e .
To t h e  s u p e r n a t a n t  a l i q u o t s  o f  10 m l w e re  p o u re d  
i n t o  15 m l c o r e x  tu b e s  an d  c e n t r i f u g e d  a t  5000  rpm  f o r  10
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m in u te s .  T h is  w as r e p e a t e d  tw ic e  t o  g e t  r i d  o f  any  r e s i d u a l  
E .c o l i  c e l l s .  The s u p e r n a t a n t  was t r a n s f e r r e d  i n t o  a  f r e s h  
15 m l c o r e x  tu b e  an d  2 ml o f  a  ( 1 :1 )  m ix tu r e  o f  20% PEG 
( p o ly e th y le n e  g l y c o l  6000) an d  2.5M NaCI w ere  added# 
v o r te x e d #  a n d  a l lo w e d  t o  p r e c i p i t a t e  a t  room  te m p e r a tu r e  
f o r  10 m in u te s .  The tu b e s  w ere  c e n t r i f u g e d  a t  room 
t e m p e r a tu r e  f o r  10 m in u te s  a t  5000 rpm . The s u p e r n a t a n t  
w as p o u re d  o f f  an d  any  r e m a in in g  d r o p s  o f  PEG w ere  
rem oved  by  c a r e f u l  a s p i r a t i o n .  To i n s u r e  PEG re m o v a l a  
p a s t u r e  p i p e t  w as c o v e re d  w i th  a  k im w ipe and  u s e d  t o  
c l e a n  t h e  s i d e s  w i th o u t  d i s t u r b i n g  t h e  p h a g e  p e l l e t .  The 
p r e c i p i t a t e d  p h a g e  was d i s s o l v e d  i n  300 u l  o f  H13 b u f f e r  
(50mM T r is -H C l pH 8 .0#  lOmM NaCI# ImM EDTA) a n d  t r a n s ­
f e r r e d  t o  1 .5  m l m ic ro fu g e  t u b e s . An e q u a l  vo lum e o f  
b u f f e r e d  80% p h e n o l  pH 8 .0  was added# v o r te x e d #  and 
p l a c e d  i n  a  42-45°C  w a te r  b a th  f o r  10 m in u te s .  The 
m ix tu r e  was v o r te x e d  a g a in  f o l lo w e d  by  t h e  a d d i t i o n  o f  
200 u l  o f  p h e n o l  an d  200 u l  o f  c h lo r o fo r m  iso a m y l (2 4 :1 )  
r e v o r te x e d #  and  m ic ro fu g e d  f o r  10 m in u te s .  The aq u eo u s 
p h a s e  was t r a n s f e r r e d  i n t o  a  c l e a n  m ic ro fu g e  tu b e  and  
1 /1 0  t h e  vo lum e o f  3.0M Na A c e ta te  was a d d e d . Two t o  
t h r e e  c h lo r o fo r m  iso a m y l e x t r a c t i o n s  w ere  p e r fo rm e d . To 
t h e  f i n a l  a q u e o u s  e x t r a c t  a b o u t  800 u l  o f  200 p r o o f  
e t h a n o l  w as ad d ed  and  p la c e d  a t  -70°C  f o r  2 h o u r s  o r
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o v e r n i g h t  a t  -2 0 °C . The p r e c i p i t a t e  w as m ic ro fu g e d  f o r  5 
m in u te s  an d  w ashed  2 t im e s  w i th  c o ld  80% e t h a n o l  b e f o r e  
d r y in g  i n  a  vacuum  d e s i c a t o r  f o r  10 m in u te s .  The f i n a l  
d r i e d  p e l l e t  was r e s u s p e n d e d  i n  50 u l  o f  TE b u f f e r .  On a  
m in i  g e l  2 u l  w ere  c h e c k e d  f o r  t h e  c h a r a c t e r i s t i c  s i n g l e ­
s t r a n d  p u f f .
C sC l-E tB r  B u o y an t .D e n s i ty  G r a d ie n t  C e n t r i f u g a t i o n
P la s m id  p u r i f i c a t i o n  by  C sC l-E tB r  b u o y a n t 
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  was a s  d e s c r i b e d  b y  
U l l r i g h  g t  &1. ( 1 9 7 7 ) .  Two t o  f i v e  ml o f  p la s m id  
l y s a t e  i s o l a t e d  fro m  B .s u b t i l i s  o r  f i . s a l i  s t r a i n s  w ere  
b r o u g h t  up  t o  6 m l w i th  b u f f e r  u s e d  t o  d i s s o l v e  t h e  
o r i g i n a l  p la s m id  p e l l e t .  I n  a  50 m l b e a k e r  7 .3  gins o f  
CsCl ( G a l l a r d ) ,  w as d i s s o l v e d  i n  6 ml o f  t h e  p la s m id  
l y s a t e .  In  su b d u ed  l i g h t ,  2 ml o f  1 m g/m l E tB r was 
ad d ed  and  t h e  e n t i r e  m ix tu re  was t r a n s f e r r e d  i n t o  
p o ly a l lo m e r  t u b e s ,  to p p e d  w i th  h ea v y  m in e r a l  o i l ,  an d  
s e a l e d  w i th  r im - g r ip p in g  m e c h a n ic a l  c a p s .  T r i t iu m  
l a b e l e d  c e l l  an d  p la s m id  copy  num ber was d e te r m in e d  by 
t h e  m eth o d  d e s c r i b e d  by T ackney  ( 1 9 8 1 ) .  U l t r a  c e n t r i ­
f u g a t io n  was i n  a  T i 50 r o t o r ,  a t  3 8 ,0 0 0  rpm , 15°C, f o r  
48 h o u r s ,  w i th o u t  b r a k e s .  The p la s m id  DNA w as v i s u a l i z e d
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w ith  a UV lam p a s  t h e  lo w e r  o f  tw o b a n d s .  I t  was rem oved 
w i th  a p a s t e u r  p i p e t  an d  t r a n s f e r r e d  i n t o  a c o n i c a l  
c e n t r i f u g e  t u b e .  E t - B r  was rem oved by 3 c o n s e c u t iv e  
e x t r a c t i o n s  w i th  NaCI s a t u r a t e d  i s o p r o p a n o l .  The p la s m id  
w as p r e c i p i t a t e d  w i th  tw o vo lum es o f  e t h a n o l  f o r  30 
m in u te s  a t  -70°C , w ashed  tw ic e  w i th  70% e t h a n o l ,  vacuum  
d r i e d ,  and  r e s u s p e n d e d  i n  1 t o  2 ml o f  TE b u f f e r .
P r e p a r a t i o n  o f _ B _ .s u b t i l i a  C om peten t C e l l s  F o r 
T r a n s fo r m a t io n  A ssay s
C o m p eten t c e l l s  o f  B .s u b t i l i s  w ere  p r e p a r e d  by  
t h e  m ethod  o f  A n a g n o s to p o u lo s  and  S p iz iz e n  (1 9 6 1 ) ,  a s  
m o d if ie d  by R udner a l .  (1 9 6 7 ) . A c u l t u r e  fro m  a  
s i n g l e  c o lo n y  w as grow n d u r in g  t h e  d ay  i n  2 .5  ml VY, 
w ashed tw ic e  i n  d i l u t i o n  s a l t s  and  s p o t - t e s t e d  f o r  t h e  
a u x o t r o p h ic  m a rk e r s .  A 0 .2  ml a l i q u o t  w as t r a n s f e r r e d  
t o  5 ml o f  VY f o r  o v e r n ig h t  g ro w th  a t  37°C on a  r o l lo d r u m . 
The c u l t u r e  was p e l l e t e d  and  r e s u s p e n d e d  i n  1 ml o f  
S p iz iz e n  I  s y n t h e t i c  m ed ia  ( l x  S p iz iz e n  s a l t s :  0.044M  
KH2P04 , 0 .0 8M K2HP04 , 0.0034M  Na C i t r a t e ,  0.0001M  MgS04
( S p iz iz e n  1958) s u p p le m e n te d  w ith  0.5% g lu c o s e ,  0.02% 
v i t a m i n - f r e e  c a sa m in o  a c i d  (VFCA), 0.1% y e a s t  e x t r a c t ,  
0.8% L - a r g i n i n e ,  and  100 u g /m l o f  e a c h  r e q u i r e d  am ino 
a c i d ) . In  a  250 ml s id e - a r m  f l a s k  20 ml o f  S p iz iz e n  I
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medium was b ro u g h t  up  t o  a  K l e t t  r e a d in g  o f  2 0 -2 5  u n i t s  
( r e d  f i l t e r )  w i th  t h e  c o n c e n t r a t e d  c e l l  s u s p e n s io n .
A f t e r  4 t o  4 .5  h o u rs  o f  g ro w th  a t  37°C w i th  a e r a t i o n ,  
t h e  c u l t u r e  was d i l u t e d  1 :1 0  i n t o  S p iz i z e n  I I  s y n t h e t i c  
m e d ia  ( l x  S p iz iz e n  s a l t s ,  0.5%  g lu c o s e ,  0.01% VFCA,
0.05% y e a s t  e x t r a c t ,  2.5mM MgCl2, ImM C aC l2 , 0.05mM
s p e rm in e  t e t r a h y d r o c h l o r i d e ,  5 u g /m l o f  e a c h  r e q u i r e d  
am ino  a c id )  an d  r e t u r n e d  t o  t h e  37°C w a te r  b a th  f o r  90 
m in u te s .  A t t h i s  t im e  t h e  c e l l s  w e re  im m e d ia te ly  u s e d  
i n  a  t r a n s f o r m a t i o n  a s s a y  o r  f r o z e n  f o r  s t o r a g e  ( s e e  
b e lo w ) .
In  a  t r a n s f o r m a t i o n  a s s a y  0 .9  ml o f  f r e s h  o r  
th aw ed  c o m p e te n t c e l l s  w e re  m ix ed  w i th  0 .1  m l o f  p la s m id  
(5 -1 0  u g ) o r  chrom osom al DNA ( 0 .2  t o  2 .0  u g ) ,  and  
in c u b a te d  a t  37°C f o r  30 m in u te s  i n  a  r o l lo d r u m . DNAse I  
(C o o p er B io m e d ic a l)  (100 u g /m l i n  0.25M  MgS04) w as a d d e d
t o  a  f i n a l  c o n c e n t r a t i o n  o f  10 u g /m l f o l lo w e d  b y  a  10 
m in u te  i n c u b a t io n  p e r i o d .  S am p les  w e re  d i l u t e d  in  
d i l u t i o n  s a l i n e  an d  p l a t e d  a t  0 .0 5  t o  0 .2  m l a l i q u o t s  on 
a p p r o p r i a t e  s e l e c t i v e  m in im a l p l a t e s  ( S p iz iz e n  lx  s a l t s  
s u p p le m e n te d  w i th  0.5% g l u c o s e ,  1% g lu ta m a te ,  an d  1.5% 
a g a r ,  D ifc o )  o r  LB p l a t e s  c o n t a i n i n g  10 u g /m l Km o r  Cm. 
P l a t e s  w ere  in c u b a te d  a t  37°C f o r  24 t o  48 h o u r s .
i
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F ro z e n  c o m p e te n t  B .s u b t i l i s  c e l l s  w e re  p r e ­
p a r e d  by  c e n t r i f u g a t i o n  i n  s t e r i l e  c e n t r i f u g e  t u b e s ,  
r e s u s p e n d e d  i n  1 /1 0  vo lum e o f  S p iz i z e n  I I  w i th  10% 
g l y c e r o l ,  a n d  q u i c k - f r o z e n  i n  2 m l a l i q u o t s  i n  a  d r y - i c e  
e t h a n o l  b a t h .  F ro z e n  c e l l s  w ere  q u i c k l y  th a w e d  a t  65°C 
w i th  s u b s e q u e n t  a d d i t i o n  o f  7 -1 0  m l o f  S p i z i z e n  I I  
m e d ia .
P r e p a r a t i o n  o f  E . c o l i  C o m p e te n t C e l l s
C o m p eten t E .c o l i  c e l l s  w ere  p r e p a r e d  by  t h e  
m e th o d  o f  Cohen a l*  (1 9 7 2 ) .  C e l l s  s t a r t e d  a t  10 K l e t t  
u n i t s  ( r e d  f i l t e r )  w ere  grow n u n t i l  5 0 -9 0  u n i t s ,  c h i l l e d  
on  i c e  f o r  10 m in u te s  a n d  p e l l e t e d  a t  5000  rpm  f o r  5 
m in u te s .  The p e l l e t  was r e s u s p e n d e d  i n  1 /2  t h e  vo lum e 
o f  s t e r i l e  c o ld  0.01M  C aC l2 th e n  r e p e l l e t e d  w i th  t h e
sam e t im e  a n d  s p e e d .  The p e l l e t  was g e n t l y  r e s u s p e n d e d  
i n  a n  e q u a l  vo lum e o f  c o l d  s t e r i l e  0.03M  C aC l2 an d
p la c e d  on  i c e  f o r  20 m in u te s .  C e l l s  w ere  c e n t r i f u g e d  
a n d  r e s u s p e n d e d  i n  1 /1 0  vo lum e o f  c o ld  s t e r i l e  0.03M 
C aC l2 . A t t h i s  p o i n t  c e l l s  w e re  e i t h e r  a l i q u o t e d  a t
0 .2  m l v o lu m es  t o  tu b e s  c o n t a i n i n g  p la s m id  DNA f o r
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t r a n s f o r m a t i o n  a s s a y s  o r  q u i c k - f r o z e n  i n  1 /1 0  t h e  
volum e 0.03M  C aC l2 i n  40% g l y c e r o l .
F r e s h  o r  th aw ed  c o m p e te n t  E .c o l i  c e l l s  m ix ed  
w i th  p la s m id  DNA w ere  k e p t  on  i c e  f o r  30 m in u te s , t h e n  
h e a t - s h o c k e d  a t  42°C f o r  2 m in u te s .  One ml a l i q u o t s  o f  
LB was ad d e d  t o  t h e  c e l l s  an d  p l a c e d  i n  a  r o l lo d r u m  a t  
37°C f o r  a  minimum o f  90 m in u te s .  A f t e r  a p p r o p r i a t e  
d i l u t i o n  o f  c e l l s  w ere  m ade, th e y  w e re  p l a t e d  a t  0 .0 5  
t o  0 .2  m l a l i q u o t s  on a n t i b i o t i c  s e l e c t i v e  LB a g a r  
p l a t e s .
C o n s t r u c t i o n  o f  P la s m id s  o M R lll and  PMR131
P la s m id s  p M R lll a n d  pMR131 w ere  c o n s t r u c t e d  by  
l i g a t i n g  v i a  s h o tg u n  c l o n i n g  t h e  2 .7 3 3 -k b  an d  0 .9 -k b  
EcoR I - H ind l l l  B .p u m ilu s  r e s t r i c t i o n  f ra g m e n ts  o f  pRR106 
( F ig u r e  3 ; R u d n er g t  a l * , 1 9 8 2 ; F ig u r e  11) i n t o  t h e  sam e 
s i t e s  i n  p la s m id  p JH lO l ( F e r r a r i  g £  a l » r  1983; F ig u re  
1 1 ) .  The p r o c e d u r e s  f o l lo w e d  f o r  enzym e r e s t r i c t i o n s  
an d  l i g a t i o n  r e a c t i o n s  w e re  a s  i n s t r u c t e d  by  t h e  
s u p p l i e r s  ( B io la b s  an d  B o e h r in g e r ) .  T h e se  r e c o m b in a n ts  
w ere  s e l e c t e d  i n  E .c o l i  s t r a i n  HB101 a s  c o n f e r r i n g  ApR, CmR, 
a n d  T cs. The d e s i r e d  r e c o m b in a n t  was grow n t o  m ass c u l t u r e ,
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i s o l a t e d  fro m  t h e  h o s t  c e l l  i n  a  c ru d e  l y s a t e  and  
u s e d  t o  t r a n s f o r m  c o m p e te n t B .s u b t i l i s  t r p  m u ta n ts .
I t  was shown by  C a n o s i s i  &1* (1978) t h a t  
p la s m id  t r a n s f o r m a t io n  e f f i c i e n c i e s  i n  B .s u b t i l i s  w ere  
i n c r e a s e d  a s  t h e  m u l t im e r ic  fo rm  o f  t h e  p la s m id  s e r v in g  
a s  d o n o r  i n c r e a s e d .  F o r  t h i s  r e a s o n  c o n c a te n a te d  fo rm s 
o f  p la s m id s  pM R lll and  pMR131 w ere  c r e a t e d  a s  f o l l o w s .  
A f t e r  CsCl p u r i f i c a t i o n  th e  p la s m id s  w ere  r e s t r i c t e d  
w i th  H in d l l l  and  l i g a t e d  w i th  DNA T4 l i g a s e  u n d e r  
c o n c a t e n a t in g  c o n d i t i o n s .  The reco m m en d a tio n  o f  t h e  
m a n u f a c tu re r  ( IB I)  w ere  fo l lo w e d . The p la s m id  DNA an d  
l i g a s e  c o n c e n t r a t i o n  w ere  0 .2  u g / u l  and  0 .0 5  u n i t s / u l ,  
r e s p e c t i v e l y ,  w i th  in c u b a t io n  a t  15°C f o r  2 h o u r s .
C o n s t r u c t io n  o f  P la sm id  PMR500
P la s m id  pMR500 was c o n s t r u c t e d  by  l i g a t i n g  
th e  504 bp EcoR I - B c lI  p u r i f i e d  f ra g m e n t o f  pRR106 
( F ig u r e  3) i n t o  t h e  EcoRI - BamHI  s i t e  o f  p ro m o te r  s e a r c h  
p la s m id  pSK10&6 (Z u b e r an d  L o s ic k ,  1983; F ig u r e  8 ) .
The p r o m o te r le s s  b e t a - g a l a c t o s a i d a s e  g en e  o f  pSK10A6 
r e q u i r e s  t h a t  t h e  f ra g m e n t c o n t a i n s  i t s  own r ib o s o m a l 
b in d in g  s i t e  (RBS) ,  a s  w e l l  a s  an  i n i t i a t i o n  m e th io n in e  
i n  t h e  same r e a d in g  fram e  a s  t h e  b e t a - g a l a c t o s a i d a s e  
g en e  f o r  e x p r e s s io n .
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S o u th e rn  A n a ly s is
S o u th e rn  a n a l y s i s  w as p e r fo rm e d  by t h e  m ethod  
o f  S o u th e rn ,  (1975) a s  m o d if ie d  by O s ta p c h u k  g £  a l . . 
(1 9 8 0 ) .  On a  0.8% a g a r o s e  g e l  (w /v  S ig m a ), p r e p a re d  
w i th  l x T r i s  B o ra te  EDTA b u f f e r  (TBE: 89mM T ris -H C l 89mM 
B o r ic  a c i d ,  ImM EDTA pH 8 . 0 ) ,  2 .6  ug  o f  r e s t r i c t e d  
chrom osom al DNA an d  0 .5  ug o f  p la s m id  DNA w ere  lo a d e d  
p e r  w e l l .  S u b m arin e  g e l s  w ere  e l e c t r o p h o r e s e d  i n  lxTBE 
c o n ta in in g  0 .5  u g /m l e th id iu m  b ro m id e  f o r  4 h o u r s  a t  50 
mAmp. B a c te r io p h a g e  lam bda (X) DNA r e s t r i c t e d  w ith  
H ind i ! I  s e rv e d  a s  m o le c u la r  w e ig h t  s ta n d a r d  m a rk e rs  f o r  
a l l  g e l s .  S u b se q u e n t t o  e l e c t r o p h o r e s e s ,  g e l s  w ere 
im m ersed  i n  d e n a tu r in g  s o l u t i o n  (0.5M  NaOH, 1.5M NaCI) 
f o r  1 h o u r  w i th  g e n t l e  s h a k in g ,  fo llo w e d  by 1 h o u r  i n  
n e u t r a l i z i n g  s o l u t i o n  (1.5M  N aC I, 1M T r is -H C l pH 7 .5 )  
w i th  g e n t l e  s h a k in g .  The s e p a r a t e d  DNA was t r a n s f e r r e d  
t o  n i t r o c e l l u l o s e  m em branes ( ty p e  BA -85, 0 .4 5  urn p o re  
s i z e ;  S c h le s in g e r  an d  S c h u e l l )  by c a p i l l a r y  a c t i o n  from  
lOxSSC t r o u g h s .  The DNA was bound t o  t h e  f i l t e r  by 
b a k in g  i n  v a c u o  a t  80<>C f o r  2 h o u r s .  F i l t e r s  w ere  
p r e h y b r id iz e d  i n s i d e  h e a t - s e a l a b l e  f r e e z e r  b a g s  w ith  
p r e h y b r id iz e d  s o l u t i o n :  40% form am ide (S ig m a ) ,
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4xSSC/ 1% g l y c i n e ,  50mM p h o s p h a te  b u f f e r  pH 6 . 5 ,  250 
u g /m l s h e a r e d  h e r r i n g  DNA, (S ig m a ) ,  5x D e n h a r d t 's  
s o l u t i o n  (O s ta p c h u k  gJt & 1 ., 1980) ( l x  D e n h a r d t 's  i s
0.02%  f i c o l l ,  0 .02%  p o l y v i n y l p y r o l i d o n e ,  0.02%  b o v in e  
se ru m  a lb u m in  f r a c t i o n  V) a t  2 m l/c m  f o r  2 h o u r s  t o  
o v e r n i g h t ,  a t  42<>C. P r e h y b r i d i z a t i o n  s o l u t i o n  w as 
rem o v ed  a n d  r e p l a c e d  by  h y b r i d i z a t i o n  s o l u t i o n :  40% 
fo rm a m id e , 4xSSC, 20mM p h o s p h a te  b u f f e r  pH 7 . 0 ,  100 
u g /m l h e r r i n g  t e s t e s  DNA, a n d  5x D e n h a r d t 's  s o l u t i o n ,  
a t  50 u l / c m ,  t o  w h ic h  0 .5 x 1 0 *  t o  10x10* cpm o f  32p 
l a b e l e d  DNA p r o b e  w as a d d e d . H y b r id iz e d  f i l t e r s  w e re  
i n c u b a t e d  o v e r n i g h t  a t  42°C . H ig h  s t r i n g e n c y  w a s h in g  
o f  f i l t e r s  w as p e r fo rm e d  a t  68*C f o r  2 h o u r s  i n  
2xSSC w i th  0.1%  SDS. F i l t e r s  w e re  d r i e d ,  c o v e r e d  i n  
p l a s t i c  w ra p , p l a c e d  i n  f i l m  c a s s e t t e s  w i t h  K odak 
XAR-5 f i l m ,  a n d  e x p o s e d  a t  room  t e m p e r a t u r e  o r  a t  -70°C  
w i th  a  D u p o n t C ro n e x  l i g h t n i n g  p l u s  i n t e n s i f y i n g  s c r e e n .  
S i z e s  o f  DNA f r a g m e n ts  w ere  d e te r m in e d  fro m  a u t o r a ­
d io g ra m s  b y  m e a s u r in g  t h e  m i g r a t i o n  d i s t a n c e s  an d  
a p p ly in g  t h e  r e l a t i o n s h i p  o f  B e a rd e n  ( 1 9 7 9 ) .
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R a d io a c t iv e  P ro b e s
DNA f ra g m e n ts  f o r  32p l a b e l i n g  w ere  i s o l a t e d  
on  m in i  0.8% a g a r o s e  g e l s  i n  T r i s  A c e ta t e  b u f f e r  (TAE: 
40mM T r i s - a c e t a t e ,  2mM EDTA pH 8 . 0 ) .  The r e s t r i c t i o n  
f ra g m e n t  was bound t o  DEAE m em branes ( ty p e  NA-4S, S&S) 
b y  c u t t i n g  a  s l i t  an d  p l a c i n g  m em branes i n  t h e  g e l  j u s t  
b e f o r e  and  a f t e r  t h e  f ra g m e n t  o f  i n t e r e s t .  The g e l  was 
f u r t h e r  e l e c t r o p h o r e s e d  f o r  a n  a d d i t i o n a l  1 5 -3 0  m in u te s  
a t  2X t h e  r u n n in g  v o l t a g e .  The DNA o f  i n t e r e s t  i s  bound  
t o  t h e  m em brane. The DNA was r e l e a s e d  fro m  t h e  DEAE 
m em brane a c c o r d in g  t o  t h e  p r o c e d u r e  d e s c r i b e d  b y  t h e  
s u p p l i e r  (S& S). R e s t r i c t e d  lam bda DNA, s i n g l y  
r e s t r i c t e d  p la s m id  DNA an d  i s o l a t e d  f r a g m e n ts  w ere  
l a b e l e d  w i th  32p_dCTP (3000 C i/m m o le , New E n g la n d  
N u c le a r  (NEN)r B o s to n , M a ss ) ,  u s in g  t h e  random  p r im e d  
s y n t h e s i s  k i t  ( F e in b e rg  an d  V o l g e l s t e i n ,  1983) a s  
d i r e c t e d  by s u p p l i e r  ( B o e h r in g e r ) .
E n z v m a tic  A ssa y s
a .  B e t a - q a l a c t o s a i d a s e
E .c o l i  s t r a i n  7 1 -1 8  c o n t a i n i n g  p la s m id  pMR500, 
pUC19 (Y a n ish -P e ro n  t 1985) o r  pSK10A6 w ere
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a s s a y e d  f o r  b e t a - g a l a c t o s i d a s e  a c t i v i t y  b y  t h e  m e th o d  o f  
M i l l e r  ( 1 9 7 2 ) .  S a m p le s  o f  1 m l f ro m  c u l t u r e s  g row n i n  
m in im a l m e d ia  1A (60mM K2HP04 , 30mM KH2P 04/ 7.0mM
(NH4) 2S04, 1.7mM so d iu m  c i t r a t e )  ( M i l l e r ,  1972) w i th  o r
w i t h o u t  t r y p t o p h a n  (50  u g /m l)  a n d  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  i s o p r o p y l - t h i o - b e t a - g a l a c t o s i d e  (10  u g /m l)
( IPTG, S ig m a ) ,  w e re  t a k e n  a t  v a r i o u s  s t a g e s  o f  lo g  p h a s e  
g ro w th  a s  d e te r m in e d  by a b s o r p t i o n  a t  600nm ( S p e c t r o n i c  
21 s p e c t r o p h o t o m e t e r ) . C e l l s  w e re  r e s u s p e n d e d  i n  1 m l Z 
b u f f e r  (60mM Na2HP04 , 40mM NaH2P04 , lOmM KC1, ImM MgS04,
50mM 0 - m e r c a p to e th a n o l  pH 7 .0 )  a n d  p e r m e a b i l i z e d  w i th  2 
d r o p s  o f  t o l u l e n e  f o r  1 5 -3 0  m in u te s .  The r e a c t i o n  w as 
s t a r t e d  b y  t h e  a d d i t i o n  o f  0 .2  m l o - n i t r o p h e n y l - b e t a - D -  
g a l a c t o s i d e  (0N P6: 4 m g/m l i n  lOOmM p h o s p h a te  b u f f e r  pH
7 .0 )  a n d  s to p p e d  w i th  0 .5  m l 1M Na2C03 when s u f f i c i e n t
y e l lo w  c o l o r  d e v e lo p e d .  The c e l l  d e b r i s  w as p e l l e t e d  i n  
a  c l i n i c a l  c e n t r i f u g e  b e f o r e  r e a d i n g  a b s o r p t i o n  a t  420nm 
a n d  550nm . M i l l e r  u n i t s  w e re  c a l c u l a t e d  b y  t h e  f o l l o w in g  
f o r m u l a .
1 u n i t  = 1000 X
w h e re  v  = v o lu m e  o f  l y s a t e  u s e d  (1  m l ) a n d  t  = 
i n c u b a t i o n  t im e  o f  r e a c t i o n  i n  m in u te s .
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b .  The A m id o t r a n s f e r a s e  A c t i v i t y  o f _ A n th r a n i l a t e  
S y n th e ta s e
1 . G row th c o n d i t i o n s : B .s u b t i l i s  s t r a i n s  E78, 
E78R an d  BR151 a s  w e l l  a s  t h e i r  t r a n s f o rm e d  d e r i v a t i v e s  
c o n ta in in g  p la s m id  pRR106 (T a b le  I ;  T a b le  V I; T a b le  V II 
and  T a b le  V I I I )  w ere  c u l t u r e d  from  s i n g l e  c o l o n i e s  
p ic k e d  from  m in im a l g lu c o s e  p l a t e s  o r  fro m  t r y p t o n e  
b lo o d  a g a r  b a s e  (TBAB) (D ifc o )  c o n ta in in g  an  a d d i t i o n a l  
0.5% a g a r  su p p le m e n te d  w i th  5.0mM MgCl2 a n d  0 .0 2mM
MnCl2. I n  c a s e s  w here  s t r a i n s  c o n ta in e d  p la s m id ,  5 u g /m l
and  10 u g /m l Km w ere  ad d ed  t o  m in im a l and  TBAB p l a t e s ,  
r e s p e c t i v e l y .  The c o l o n i e s  w ere  i n o c u l a t e d  f o r  day  
g ro w th  i n  2 .5  ml p e n a s s a y  b r o th  ( D i f c o ) .  S t r a i n s  
c o n ta in in g  p la s m id  pRR106 w ere  i n o c u la t e d  i n  p e n a s s a y  +
10 u g /m l Km. A f t e r  f i v e  t o  s i x  h o u rs  o f  g ro w th  a t  37°C 
i n  a  r o l lo d r u m ,  c e l l s  w ere  p e l l e t e d  i n  a  c l i n i c a l  
c e n t r i f u g e ,  w ashed  2X w i th  s t e r i l e  d i l u t i o n  s a l i n e ,  and  
d i l u t e d  1 :1 0 0 . A 0 .2  ml a l i q u o t  was t r a n s f e r r e d  i n t o  5 
m l o f  S p iz iz e n  m in im a l m ed ia  su p p le m e n te d  w i th  0.5% 
g lu c o s e ,  0.05% v i t a m i n - f r e e  c a sam in o  a c id  an d  th e  
r e q u i r e d  am ino a c i d s  a t  100 u g /m l. The c u l t u r e s  w ere  
in c u b a te d  o v e r n ig h t  i n  a  37°C ro l lo d r u m . The f o l lo w in g
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m o rn in g  t h r e e  s id e - a r m  f l a s k s  w ere  p r e p a r e d  c o n ta in in g  
20 ml o f  su p p le m e n te d  S p iz iz e n  m in im a l m e d ia . E ach f l a s k  
w as i n o c u l a t e d  w i th  0 .1  ml o r  m ore o f  t h e  o v e r n ig h t  
grow n c u l t u r e  t o  a  s t a r t i n g  K l e t t  o f  2 5 -3 0  u n i t s .  I n to  
o n e  o f  t h e s e  f l a s k s  50 u g /m l t r y p to p h a n  (T rp )  was a d d e d . 
C u l tu r e s  w ere  in c u b a te d  a t  37°C i n  an  a e r a t i n g  w a te r  
b a th  an d  fo llo w e d  h o u r ly  w i th  a  K l e t t  Summerson c o l o r i ­
m e te r  c o n ta in in g  a  660nm r e d  f i l t e r .  When t h e  t h r e e  
c u l t u r e s  r e a c h e d  a  K l e t t  r e a d in g  r a n g in g  fro m  60-75 
u n i t s , o n e  o f  th e  T rp  s t a r v e d  c u l t u r e s  w as p r e p a re d  f o r  
i n d o le  a c r y l i c  a c i d  (IAA) a d d i t i o n .  The c o n t e n t s  o f  
t h e  f l a s k  w ere  spun  down i n  a  s t e r i l e  t u b e ,  r e s u s p e n d e d  
i n  an  e q u a l  volum e o f  f r e s h  m in im a l m ed ia  o f  t h e  same 
c o m p o s i t io n ,  and  t r a n s f e r r e d  t o  a n o th e r  s id e - a r m  f l a s k ,  
a  40 u l  a l i q u o t  o f  a  f r e s h l y  p r e p a r e d  s o l u t i o n  o f  IAA 
(10 m g/m l i n  e th a n o l )  was ad d ed  t o  t h i s  f l a s k .  An 
a d d i t i o n a l  20 ml o f  m in im al m ed ia  was ad d ed  t o  t h e  IAA 
c o n ta i n i n g  and  t o  t h e  T rp  s t a r v e d  f l a s k s .  The t h i r d  
f l a s k  c o n ta in in g  T rp  was a l s o  b r o u g h t  up t o  40 ml w ith  
m in im a l m ed ia  c o n ta in in g  50 u g /m l T rp . The f l a s k s  w ere  
r e t u r n e d  t o  t h e  37<>c w a te r  b a th  s h a k e r .  A f t e r  a n o th e r
2 .5  t o  3 h o u rs  o f  g ro w th , o r  when K l e t t  r e a d in g s  r e a c h e d  
140-160  u n i t s ,  c u l t u r e s  w ere  c h i l l e d  on i c e  f o r  10-15
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m in u te s .  C u l t u r e s  w e re  t h e n  p e l l e t e d  a t  1 0 ,0 0 0 g  f o r  5 
m in u te s  ( s u p e r n a t a n t  d i s c a r d e d ) ,  w ash e d  i n  a  s o l u t i o n  o f  
0.1M  K2HP04 a n d  10% g l y c e r o l ,  r e p e l l e t e d  a t  1 0 ,0 0 0 g  f o r
5 m in u te s  { s u p e r n a t a n t  d i s c a r d e d ) ,  q u i c k - f r o z e n  i n  a  d ry  
i c e  e t h a n o l  b a t h ,  a n d  p l a c e d  i n  a  -70°C  f r e e z e r  f o r  
s t o r a g e  u n t i l  r e a d y  f o r  t h e  a n t h r a n i l a t e  s y n t h e t a s e  
a s s a y .
2 . A m id o tra n s f e r a s e  f t r p G )  A c t i v i t y : F ro z e n  
p e l l e t s  w e re  th a w e d  on  i c e  a n d  r e s u s p e n d e d  i n  2 -3  m l o f  
b u f f e r  D (0 .04M  K2HP04 pH 7 . 5 ,  O.lmM EDTA, 30% g l y c e r o l ,
6mM b e t a - m e r c a p t o e t h a n o l , a n d  20mM L - g l u t a m i n e ) . C e l l s  
w e re  d i s r u p t e d  b y  f r e s h l y  p r e p a r e d  ly so z y m e  (1 m g/m l i n  
b u f f e r  D ) . DNA v i s c o s i t y  w as rem o v ed  b y  DNAase i n  0.2M  
MgCl2 a t  a  f i n a l  c o n c e n t r a t i o n  o f  100 u g /m l .  The
ly so z y m e  an d  DNAase t r e a t m e n t  was i n c u b a t e d  a t  37°C f o r  
30 m in u te s .  The e x t r a c t  w as sp u n  down a t  2 9 ,0 0 0 g  f o r  20 
m in u te s  i n  t h e  u l t r a  c e n t r i f u g e  a n d  t h e  s u p e r n a t a n t  w as 
k e p t  f o r  t h e  a s s a y .  In  a  13x100 mm t e s t  t u b e  t h e  
f o l l o w in g  r e a g e n t s  w e re  a d d e d  i n  t h e  f o l l o w in g  o r d e r :  
0 .1 m l o f  0.05M  g l u t a m in e ,  0 .1  ml o f  0.1M  MgS04, 0 .0 5  ml
o f  e x t r a c t ,  0 .7  m l o f  0.1M  T r is -H C l pH 7 .6 ,  a n d  0 .0 5  ml 
o f  1 m g/m l c h o r i s m a t e .  The r e a c t i o n  w as i n c u b a t e d  a t
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37<>C f o r  20 m in u te s  an d  s to p p e d  by  t h e  a d d i t i o n  o f  0 .1  
m l o f  1M HC1 fo rm in g  a  w h i te  p r e c i p i t a t e .  The r e a c t i o n  
m ix tu r e  w as e x t r a c t e d  w i th  4 m l o f  e t h y l  a c e t a t e  i n  a  
c o n i c a l  t u b e ,  v o r t e x e d  an d  sp u n  i n  a  c l i n i c a l  c e n t r i f u g e  
f o r  2 m in u te s .  The u p p e r  e t h y l  a c e t a t e  p h a s e  w as s a v e d  
f o r  m e a s u re m e n ts  o f  a n t h r a n i l a t e  a c t i v i t y .  A s ta n d a r d  
c u r v e  w as p e r fo r m e d  b y  p r e p a r i n g  a n t h r a n i l a t e  (S igm a) i n  
1 m l a t  c o n c e n t r a t i o n s  o f  50 t o  1000 p ic o m o le s /m l  i n  
dH20 , f o l lo w e d  b y  e t h y l  a c e t a t e  e x t r a c t i o n  i n  t h e  same
m an n er a s  t h e  r e a c t i o n  m i x t u r e s .  The f o r m a t io n  o f  
a n t h r a n i l a t e  fro m  c h o r i s m a te  a n d  g lu ta m in e  w as m o n i to re d  
o n  an  Amico-Bowmman s p e c t r o p h o t o f l u o r o m e t e r  a t  an  
e x c i t a t i o n  w a v e le n g th  o f  313nm an d  a n  e m is s io n  w ave­
l e n g t h  o f  393nm , a t  m a c h in e  s e t t i n g s  r a n g e  = 0 . 1  ( t h e  
r a n g e  c a n  b e  s e t  fro m  0 .1  t o  1 0 , 0 .1  i s  t h e  m o s t 
s e n s i t i v e  r a n g e )  a n d  mode = r a t i o  ( t h e  o t h e r  mode i s  
s t a n d a r d ,  r a t i o  r e t u r n s  t o  t h e  b la n k  t o  r e z e r o  t h e  
m a c h in e  b e f o r e  r e a d i n g ) .  P r o t e i n  c o n c e n t r a t i o n  was 
d e te r m in e d  c o l o r i m e t r i c a l l y  b y  t h e  Low ry m eth o d  (L ow ry, 
1951) on a  1 :1 0  a n d  1 :2  d i l u t i o n  o f  e x t r a c t .  The 
p r o t e i n  s t a n d a r d  w as b o v in e  se ru m  a lb u m in  a t  c o n c e n t r a ­
t i o n s  o f  2 0 -2 0 0  u g /m l .  One u n i t  o f  a n t h r a n i l a t e  
s y n t h e t a s e  a c t i v i t y  w as d e f i n e d  a s  t h e  f o r m a t io n  o f  1 
um ole  o f  a n t h r a n i l a t e  p e r  m in u te .  S p e c i f i c  a c t i v i t y  
w as d e f i n e d  a s  u n i t s /m g  o f  p r o t e i n .
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DNA. .Sequenginfl
The 2 .7 3 3 -k b  EcoR I-H in d l l l  f ra g m e n t o f  pRR106 
was c lo n e d  i n t o  t h e  EcoRI - H in d l l l  s i t e s  o f  Rf M13mpl8 an d  
M13mpl9 (Y a n is h -P e r ro n  s i  a l . ,  1985) by  T4 DNA l i g a s e  
(B o e h r in g e r )  i n  a  3 :1  t a r g e t  t o  v e c t o r  r a t i o .  T ra n s ­
f o rm a t io n  o f  E .c o l i  JM101 w i th  t h e  l i g a t e d  p r o d u c ts  was 
a s  d e s c r ib e d  ab o v e  f o r  p la s m id  t r a n s f o r m a t io n  i n  E .c o l i . 
e x c e p t  a f t e r  t h e  2 -m in u te  h e a t  sh o c k  t r e a t m e n t ,  2 ml o f  
m o lte n  0.6% LB to p  a g a r  (45<>C), 20 u l  lOOmM i s o p r o p a n o l -  
t h i o - b e t a - D - g a l a c t o s i d e  (IPTG , Sigm a) an d  100 u l  o f  a  
2% 5-brom o 4 - c h lo r o  3 - in d o ly l - b e t a - D - g a l a c to p y r a n o s id e  
( X -g a l ,  B o e h r in g e r )  d i s s o l v e d  i n  N ,N rd im e th y lfo rm a m id e  
w ere  a d d e d . The m ix tu r e  w as p o u re d  o n to  p rew arm ed 
t h i c k  YT p l a t e s ,  an d  in c u b a te d  a t  37°C o v e r n ig h t .
W h ite  p la g u e s  from  re c o m b in a n t  p h a g e s  w ere  p ic k e d ,  and  
t r a n s f e r r e d  i n t o  a  tu b e  w i th  5 ml o f  2xYT c o n ta in in g  
0 .2  ml o f  lo g  p h a s e  JM101 c e l l s .  The p la q u e  c e l l  
m ix tu re  was in c u b a te d  a t  37<>C f o r  5 -6  h o u rs  on a 
r o l lo d r u m  and  u s e d  t o  i s o l a t e  d o u b le  and  s i n g l e - s t r a n d  
phage, DNA a s  d e s c r ib e d  a b o v e .
DNA s e q u e n c in g  was by t h e  S a n g e r d id e o x y  c h a in -  
t e r m in a t io n  m ethod  (S a n g e r  e t  a l . .  1 9 7 7 ) . M a te r i a l s  f o r
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DNA s e q u e n c in g  w e re  e i t h e r  t h e  p rex n ix ed  k i t s ,  (P h a rm a c ia  
3ss o r  T7 s e q u e n c in g  k i t s )  o r  f ro m  t h e  i n d i v i d u a l  d eo x y  an d  
d id e o x y  n u c l e o t i d e  t r i p h o s p h a t e s  ( P h a r m a c ia ) . The s o l i d  
n u c l e o t i d e  t r i p h o s p h a t e s  w ere  d i s s o l v e d  t o  g iv e  lOmM s to c k  
s o l u t i o n s  a s  e s t i m a t e d  b y  t h e  UV a b s o r p t i o n  (M a n ia tu s  
a l . . 1 9 8 2 ) .  S to c k  s o l u t i o n s  w e re  m ix ed  a c c o r d in g  t o  an  
Amersham p r o t o c o l  f o r  DNA s e q u e n c in g ,  u s in g  35s  dATP 
(400  C i/m m o le , NEN). N u c le o t id e  m ix tu r e s  w e re  a d j u s t e d  
a c c o r d i n g l y :  25 u l  G + 25 u l  0.3mM ddGTP; 25 u l  A + 18
u l  O.lmM ddATP; 30 u l  T + 20 u l  0.5mM ddTTP; 35 u l  C +
20 u l  O.lmM ddCTP. The a n n e a l in g  r e a c t i o n  e n t a i l e d  
m ix in g  5 u l  o f  s i n g l e - s t r a n d e d  ( s s )  t e m p la t e  DNA, 1 u l  
o f  M l3 1 7 -m e r p r im e r  DNA ( P h a r m a c ia ) ,  1 .5  u l  lO x K lenow  
b u f f e r  (lOOmM T r is -H C l pH 8 .5 ,  lOOmM MgCl2) an d  en o u g h
ddH20 t o  b r in g  t h e  t o t a l  vo lum e u p  t o  10 u l .  T h is
m ix tu r e  w as h e a t e d  i n  a  b o i l i n g  w a te r  b a th  f o r  10
m in u te s ,  th e n  s lo w  c o o le d  t o  room  te m p e r a tu r e  f o r  1 5 -3 0  
m in u te s .  From 1 t o  2 u l  o f  35s dATP a n d  1 t o  2 u n i t s  o f  
K lenow  enzym e ( B o e h r in g e r )  was a d d e d , g e n t l y  m ix e d , 
m ic ro f u g e d ,  an d  d i s t r i b u t e d  a t  2 .5  u l  a l i q u o t s  i n t o  1 .5  
m l m ic ro fu g e  t u b e s .  Two u l  o f  t h e  a p p r o p r i a t e  N/ddNTP 
m ix e s  w ere  a d d e d  t o  t h e  r im  o f  t h e  tu b e  a n d  p u l s e  
m ic ro fu g e d  t o  s y n c h r o n iz e  an d  i n i t i t e  t h e  r e a c t i o n s .
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The r e a c t i o n  m ix tu r e s  w ere  i n c u b a te d  a t  37°C f o r  15 -25  
m in u te s ,  c h a s e d  w i th  2 u l  o f  a  0.5mM m ix tu r e  o f  a l l  f o u r  
dN TPs, th e n  r e i n c u b a t e d ,  a t  37°C f o r  15 m in u te s ,  s to p p e d  
b y  a d d in g  4 u l  o f  fo rm am id e  d y e  m ix (0.03%  x y le n e  
c y a n o l ,  0.03% b ro m o p h e n o l b l u e ,  20mM EDTA i n  d e io n iz e d  
fo rm am id e) an d  s t o r e d  a t  -20°C  o r  lo a d e d  on t o  a  
s e q u e n c in g  g e l .
Two g l a s s  p l a t e s  o n e  33 X 40 cm an d  t h e  o t h e r  
33 X 3 7 .5  cm w ere  c l e a n e d  w i th  t h e  f o l lo w in g  r e a g e n t s  
i n  t h e  f o l lo w in g  o r d e r :  a lc o n o x  d e t e r g e n t ,  d e io n iz e d  
w a t e r ,  95% e th a n o l  an d  a c e t o n e .  To t h e  s m a l l e r  p l a t e  
2 m l o f  2% d i c h l o r o d i m e t h y l s i l a n e  i n  CHC14 was s p r e a d
o n  t o  t h e  p l a t e  w i th  a  k im w ipe an d  a l lo w e d  t o  d r y  i n  a  
fum e hood  f o r  10 m in u te s .  D u rin g  t h i s  t im e  t h e  
p o ly a c r y la m id e  g e l  s o l u t i o n  w as p r e p a r e d .  F o r a  6% 
p o ly a c r y la m id e  g e l  42 gms o f  u l t r a  p u r e  u r e a  (B e th e s d a  
R e s e a rc h  L a b o r a t o r i e s ,  BRL), 1 4 .5  m l o f  a  40% a c r y la m id e  
s to c k  s o l u t i o n  ( 3 8 :2 ,  a c r y la m id e :  b i s - a c r y l a m i d e ) , 10 
m l o f  lOx TBE and  ddH20 f o r  a  f i n a l  volum e o f  100 ml
w as s t i r r e d  w i th  low  h e a t i n g  u n t i l  t h e  u r e a  d i s s o l v e d .  
The g l a s s  p l a t e s  w ere  a s s e m b le d  by  p l a c i n g  a  0.8mm 
t h i c k  b o tto m  s p a c e r  an d  0 . 4 - 0 . 8mm w edge s p a c e r s  
b e tw e e n  them  ( I n t e r n a t i o n a l  B io c h e m ic a l  I n d u s t r i e s ,
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I B I ) .  Edges w ere  s e a le d  w ith  3 in c h e s  o f  p l a s t i c  p a c k in g  
t a p e  and  s e c u re d  w i th  b in d e r  c l i p s .  J u s t  p r i o r  t o  
c a s t i n g  th e  a c ry la m id e  s o l u t i o n  b e tw een  t h e  g l a s s  
p l a t e s ,  0 .8  ml o f  10% ammonium p e r s u l f a t e  s o lu t i o n  
(made f r e s h )  and  5 0 -7 0  u l  o f  t e t r a m e th y l - e th y le n e d ia m in e  
(TEMED, Kodak) w ere  a d d e d . F i f t y  ml o f  a c ry la m id e  
s o l u t i o n  was drawn up i n  a  50 ml p l a s t i c  s y r in g e  w i th ­
o u t  a  n e e d le  and sq u e e z e d  in  b e tw een  t h e  p l a t e s  w hich  
w ere  t i l t e d  a t  a  45 t o  60 d e g re e  a n g le s .  T h is  was 
r e p e a te d  u n t i l  t h e  c a v i t y  was f i l l e d .  T rap p ed  a i r  
b u b b le s  w ere e l im in a te d  a s  th e y  a p p e a re d  by h a l t i n g  
t h e  p o u r in g  p r o c e s s  an d  g e n t ly  ro c k in g  g l a s s  p l a t e s  from  
s id e  t o  s i d e .  When t h e  a c ry la m id e  s o l u t i o n  o v e rf lo w e d  
s l i g h t l y ,  t h e  f l a t  s i d e  o f  0.4mm s h a r k s to o th  comb (BRL) 
was i n s e r t e d  and c la m p e d . G e ls  w ere a llo w e d  t o  p o ly ­
m e r iz e  f o r  45 t o  60 m in u te s .  The comb was rem oved 
and  th e  f l a t  s u r f a c e  was m o is te n e d  w ith  lx  TBE. The 
p o ly m e riz e d  g e l  was s t o r e d  i n  a  w et a u to c la v e d  bag 
o v e r n ig h t  a t  room te m p e r a tu re  o r  i n  t h e  r e f r i g e r a t o r  f o r  
up t o  2 w eeks. When t h e  g e l  was re a d y  t o  be  r u n ,  t h e  
b o tto m  s p a c e r  was rem oved and t h e  s h a r k s to o th  comb was 
r e i n s e r t e d  so  t h a t  t h e  p o in te d  s id e  to u c h e d  th e  f l a t  
s u r f a c e  o f  th e  g e l  fo rm in g  w e l l s  (w ith o u t  p u n c tu r in g
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i t ) .  The g e l  w as m o u n ted  on  t o  a  l u c i t e  g e l  s t a n d  an d  
l x  TBE b u f f e r  w as a d d e d  t o  t h e  t o p  a n d  b o t to m  r e s e r v o i r s .  
A i r  b u b b le s  a t  t h e  b o t to m  o f  t h e  g e l  w e re  rem o v ed  by  
s q u i r t i n g  l x  TBE b u f f e r  w i th  a  25 m l s y r i n g e  f i t t e d  
w i t h  a  b e n t  n e e d le  (4 5 ° a n g l e ) .  A g e l  s u r f a c e  
th e rm o m e te r  w as a t t a c h e d  ( IB I )  a n d  t h e  g e l  w as p r e r u n  
a t  1200 v o l t s , 50 mAmp ( S a v a n t  h ig h  v o l t a g e  p o w er 
s u p p ly )  o r  u n t i l  i t  r e a c h e d  a  r u n n in g  t e m p e r a t u r e  o f  
48 -50°C  (30  t o  60 m i n u t e s ) . The s a m p le  w e l l s  w e re  
r i n s e d  o u t  t h r e e  t im e s  w i th  l x  TBE t o  rem o v e  u r e a  
d i f f u s i n g  f ro m  t h e  g e l .  The s e q u e n c in g  r e a c t i o n s  w e re  
h e a t e d  t o  9 5 °C f o r  3 m in u te s  a n d  2 u l  ( m i c r o t i t e r  
s y r i n g e  H a m ilto n  m o d e l 710 w i th  n a r ro w  n e e d l e )  o f  t h e  
s a m p le s  w as lo a d e d  p e r  w e l l .  E l e c t r o p h o r e s i s  w as f o r
2 .5  h o u r s  o r  when t h e  s e c o n d  d y e  i s  1 /4  t h e  d i s t a n c e  
f ro m  t h e  b o t to m  o f  t h e  g e l .  A t t h i s  p o i n t  i t  was 
e i t h e r  s to p p e d  o r  a  s e c o n d  l o a d i n g  o f  t h e  s e q u e n c in g  
m i x t u r e s  w as a p p l i e d .  The r u n  w as s to p p e d  when t h e  
f i r s t  d y e  o f  t h e  s e c o n d  lo a d in g  a lm o s t  r e a c h e d  t h e  
b o t to m .  The g e l  w as d i s a s s e m b le d  b y  b r e a k i n g  t h e  
s u c t i o n  w i th  a  f l a t  s p a t u l a .  The g e l  u s u a l l y  s t i c k s  
t o  t h e  l a r g e r  g l a s s  p l a t e .  The g e l  w as f i x e d  f o r  20 
m in u te s  i n  10% a c e t i c  a c i d ,  10% m e th a n o l .  A Whatman
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3MM p a p e r  c u t  t o  g e l  s i z e  was r o l l e d  an d  p r e s s e d  on 
t o  t h e  g e l  i n  o r d e r  t o  t r a n s f e r  t h e  g e l  from  p l a t e  t o  
p a p e r .  The g e l  was p e e le d  o f f  t h e  g l a s s  p l a t e  v ia  
Whatman 3MM p a p e r .  The o t h e r  s id e  o f  th e  g e l  was 
c o v e re d  w ith  p l a s t i c  w ra p , an d  d r i e d  u n d e r  vacuum f o r
1 .5  t o  2 h o u rs  on a  s l a b  g e l  d r y e r  (B io  Rad) a t  80°C.
S y n th e t i c  O l ig o n u c le o t id e  P r im e rs
In  o r d e r  t o  se q u e n c e  t h e  2 .7 3 3 -k b  fra g m e n t 
w i th o u t  s u b c lo n in g  i t  i n t o  s m a l l e r  f r a g m e n ts ,  s ix  
o l i g o n u c l e o t i d e  p r im e r s  w ere  s y n th e s iz e d  on an a p p l ie d  
B io sy s te m s  m odel 380A i n  t h e  s e q u e n c in g  and  s y n th e s i s  
f a c i l i t y  a t  H u n te r C o l le g e .  F o r t h e  M 13m pl9-2 .7-kb  
t e m p la te  t h r e e  15mer o l i g o n u c l e o t i d e s  w ere s y n th e s iz e d  
w i th  t h e  fo l lo w in g  s e q u e n c e s :  19 a ; 5 1GTCTGCCAACGTGA3' ,  
19b; 5 'ATCTCCTTATATGTA3' ,  and  19 c ; 5 'AGTTGATGCGCTCAT3' .  
The M 13m pl9-2 .733-kb  te m p la te  was se q u e n c e d  i n  th e  
d i r e c t i o n  from  th e  HefiRI t o  H ind l l l  s i t e .  The M13mpl8-
2 .7 3 3 -k b  te m p la te  i s  t h e  r e v e r s e  co m p lim en t s t r a n d .  I t  
was se q u e n c e d  from  th e  H ind l l l  t o  EcoRI d i r e c t i o n .  The 
t h r e e  15mer o l ig o n u c le o t id e s  s y n th e s iz e d  f o r  th e  
M 13m pl8-2 .733-kb  te m p la te  a r e  a s  f o l lo w s :  18a;
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5 ' TAATCGTTTCAATTGC3’ , 1 8 b ; 5 ’ AATTCATCCAGTCCA3' ,  a n d  1 8 c ; 
5 ' TTTCATAGATGAATG3' .  The c r u d e  s y n t h e t i c  p r im e r s  w e re  
s u p p l i e d  a t  0 .2  um ole  a m o u n ts . F o r  p u r i f i c a t i o n /  
p r im e r s  w e re  i n c u b a t e d  o v e r n i g h t  i n  1 m l o f  ammonium 
h y d r o x id e  a t  55°Cf i n  a  s e a l e d  v i a l  t o  d e p r o t e c t  t h e  
b a s e s .  The l i q u i d  w as t r a n s f e r r e d  i n t o  a  1 .5  m l 
m ic r o tu b e s  a n d  e v a p o r a t e d  i n  a  S a v a n t  s p e e d - v a c  
c e n t r i f u g e .  D r ie d  s a m p le s  w e re  r e s u s p e n d e d  i n  100 u l  
o f  0 .0 5  M t r ie th la m m o n iu m  a c e t a t e  pH 7 .0  (TEA-AC/ 
d i l u t e d  fro m  a  1 M s t o c k  TEA/ 1 M A c e t i c  A c id  t i t r a t e d  
t o  pH 7 .0  w i th  TEA). G e l f i l t r a t i o n  w i th  s e p h a d e x  
G -50 f i n e  b e a d s  (P h a rm a c ia )  w as u s e d  t o  d e s a l t  t h e  
p r i m e r s .  T he b e a d s  w e re  s w e l le d  o v e r n i g h t  i n  0 .0 5  M 
TEA-Ac (20  m l/gm  o f  b e a d s ) .  I n  a  10 m l p l a s t i c  
d i s p o s a b l e  p i p e t  p lu g g e d  w i th  g l a s s  w o o l/ a  10 m l 
co lum n was p o u r e d  a n d  p r e r u n n e d  w i th  0 .0 5  M TEA-Ac f o r  
30 m in u te s  b e f o r e  t h e  p r im e r  was lo a d e d .  T w enty  0 .5 m l 
f r a c t i o n s  w e re  c o l l e c t e d  w h i le  k e e p in g  t h e  b u f f e r  a b o v e  
t h e  g e l  b e d  a t  a l l  t i m e s .  The a b s o rb a n c e  a t  260 nm an d  
280 nm w as d e te r m in e d  f o r  a l l  f r a c t i o n s  b y  d i l u t i n g  20 
u l  i n t o  1 m l 0 .0 5  M TEA-Ac. G e n e r a l ly  o n e  t o  t h r e e  
t u b e s  w i t h i n  f r a c t i o n s  9 -1 4  c o n ta in e d  t h e  p e a k  o f  
a b s o r b a n c e .  T h e se  f r a c t i o n s  w ere  p o o le d /  d r i e d  i n  a
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s p e e d  vacuum  d e s i c a t o r  a n d  r e s u s p e n d e d  i n  200 u l  o f  
s t e r i l e  ddH20 an d  s t o r e d  a t  -20<>C. A 1 t o  3 u l  a l i q u o t
o f  t h e  p e a k  f r a c t i o n  was u s e d  f o r  t h e  a n n e a l in g  r e a c t i o n  
i n  DNA s e q u e n c in g .
Computer-Ana lysis
The G e n e t ic  C o m p u ter G roup p ro g ra m  f o r  
n u c l e i c  a c i d s  fro m  t h e  U n i v e r s i t y  o f  W is c o n s in  was u s e d  
t o  a n a l y z e ,  a l i g n ,  an d  t r a n s l a t e  t h e  B .p u m ilu s  DNA 
t r y t o p h a n  o p e ro n  s e q u e n c e s  (D e n e re u x  s i .  & 1 . , 1984) ( s e e  
a p p e n d ix  f o r  t h e  p ro g ram m in g  s t r a t e g y  u s e d  t o  g e n e r a t e  
F ig u r e  1 0 ) .
f
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R e s u l t s  a n d  D is c u s s io n
O r i e n t a t i o n  o f  P la s m id s  _pRR106_ a n d  pRR103
In  o r d e r  t o  s tu d y  g e n e s  o f  i n t e r e s t  i t  i s  
u s e f u l  t o  c lo n e  th e m  aw ay f ro m  t h e  r e s t  o f  t h e  
ch ro m o so m e. I s o l a t e d  g e n e s  c a n  b e  m ore c l e a r l y  
s c r u t i n i z e d  o n  a  m o le c u la r  l e v e l  an d  t h e i r  s t r u c t u r a l  
a n d  f u n c t i o n a l  r e l a t i o n s h i p s  c a n  b e  d e te r m in e d .  A 
3 . 6 -k b  E coRI f r a g m e n t  c o n t a i n i n g  t h e  t r p E .  t r p D. t r p C .  
a n d  t r p F  g e n e s  o f  B .p u m ilu s  h a d  b e e n  c lo n e d  p r e v i o u s l y  
i n  t h i s  l a b o r a t o r y  (T a c k n e y  a n d  R u d n e r ,  1 9 8 1 ; R u d n e r 
e t  a l . . 1 9 8 2 ; F ig u r e  3 ) .  An i d e n t i c a l  p la s m id  pSL103 
h a s  a l s o  b e e n  d e s c r i b e d  (K e g g in s  e i  a l . ,  1 9 8 0 ) .  The 
r e s t r i c t i o n  e n d o n u c le a s e  c l e a v a g e  s i t e  map o f  pRR106 
w i th  s e l e c t e d  r e s t r i c t i o n  s i t e s  r e l e v a n t  t o  t h i s  s tu d y  
i s  show n i n  F ig u r e  4 .  The u p p e r  l i n e  i l l u s t r a t e s  t h e  
4 .5 - k b  p a r e n t a l  p l a s m id  pUBHO w h ic h  c o n t a i n s  t h e  Km* 
g e n e  ( E h r l i c h ,  1 9 7 8 ) t h e  lo w e r  b o ld  l i n e  r e p r e s e n t s  
t h e  3 .6 - k b  EcoRI f r a g m e n t  o f  B .p u m ilu s  DNA ( F ig u r e  3 
a n d  F ig u r e  4 ) .
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An i n d i r e c e t  m e th o d  f o r  a s c e r t a i n i n g  t h e  
p r e s e n c e  o f  a  p ro m o te r  e le m e n t  i n  a  c lo n e d  f ra g m e n t  
o f  DNA i s  t o  r e c l o n e  t h e  f ra g m e n t i n  t h e  r e v e r s e  
o r i e n t a t i o n .  P la s m id  pRR103 was i s o l a t e d  by 
r e s t r i c t i o n  o f  p la s m id  pRR106 w i th  EcoR I . r e l i g a t i o n  
w i th  T4 DNA l i g a s e , and  s e l e c t i o n  f o r  TrpC+ t r a n s ­
fo rm a n ts  i n  B .s u b t i l i s  s t r a i n  SB25 ( i r p C 2 , h i s f l 2 ) .  
R a p id  p la s m id  i s o l a t i o n  w as p e r fo rm e d  o n  8 c l o n e s  an d  
s c r e e n e d  by  r e s t r i c t i o n  a n a l y s i s  f o r  t h e  p r e s e n c e  o f  
t h e  3 .6 - k b  B .p u m ilu s  f ra g m e n t i n  t h e  r e v e r s e  
o r i e n t a t i o n .  The BamHI s i t e  o f  t h e  p a r e n t  v e c t o r  a n d  
t h e  H in d l l l  s i t e  o f  t h e  B .p u m ilu s  i n s e r t  w e re  u s e d  t o  
d e te r m in e  f r a g m e n t  o r i e n t a t i o n .  I n  t h e  c a s e  o f  pRR106 
a  d o u b le  e n d o n u c le a s e  r e s t r i c t i o n  w i th  BamHI a n d  
H ind l l l  g e n e r a t e d  4 .9 - k b  an d  3 .2 - k b  f r a g m e n ts  ( F ig u r e  
4 an d  F ig u r e  5 ) .  I n  t h e  r e v e r s e  o r i e n t a t i o n  t h e  
H ind l l l  s i t e  s h o u ld  b e  c l o s e r  t o  t h e  BamHI  s i t e  
g e n e r a t i n g  6 .3 - k b  an d  1 .8 - k b  f r a g m e n ts .  Of t h e  8 
c lo n e s  2 h a d  t h e  f ra g m e n t  c lo n e d  i n  t h e  r e v e r s e  
o r i e n t a t i o n .  One o f  t h e s e  w as i s o l a t e d  a n d  d e s i g n a t e d  
pRR103 ( F ig u r e  4 an d  F ig u r e  5 ) .  I n  e i t h e r  o r i e n t a t i o n  
an  £ £ £ R I d i g e s t  g e n e r a t e s  i d e n t i c a l  p a t t e r n s  o f  4 .5 - k b  
an d  3 .6 - k b  f r a g m e n ts  a s  e x p e c te d  f o r  b o th  p la s m id s  
( F ig u r e  5 ) .  The i s o l a t i o n  o f  pRR103 i n d i c a t e d  th e
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p r e s e n c e  o f  a  p ro m o te r  e le m e n t  w i th in  t h e  c lo n e d  
f ra g m e n t .
B i o l o g i c a l  A c t i v i t i e s  o f  P la s m id s  PRR106 and  PRR103
The b i o l o g i c a l  a c t i v i t i e s  o f  p la s m id  pRR106 
an d  p la s m id  pRR103 w ere  co m p ared  i n  o r d e r  t o  l o c a l i z e  
a d d i t i o n a l  p ro m o te r  e l e m e n t s .  The t r a n s f o r m in g  
a c t i v i t y  o f  p la s m id s  pRR106 a n d  pRR103 w ere  t e s t e d  
u s in g  B .s u b t i l i s  i r p  m u ta n ts  a s  r e c i p i e n t s .  The p a r e n t  
v e c t o r  (pUBHO) t r a n s f o r m e d  a l l  t h e  t r p  r e c i p i e n t s  w i th  
an  e f f i c i e n c y  o f  2 - 5 x l0 4 Km* t r a n s f o r m a n t s /u g  DNA 
(T ac k n e y , 1 9 8 1 ) . P la sm id  pRR106 c o n ta in e d  th e  
B .p u m ilu s  fcrpEt £ ,  £  an d  E  g e n e s  a s  d e te rm in e d  by 
c o m p le m e n ta tio n  a n a l y s i s  t o  B .s u b t i l i s  t r p E .  Q,  £ ,  E ,
E , and  A m u ta n ts  (T a c k n e y , 1 9 8 1 ) . The r e s u l t s  o b ta in e d  
w i th  b o th  p la s m id s  a r e  shown i n  T a b le  I I .  T ra n s ­
fo rm a n ts  w ere  i n i t i a l l y  s e l e c t e d  f o r  e i t h e r  Trp+ o r  
KmR, fo llo w e d  by r e p l i c a  p l a t i n g  t o  d e te rm in e  th e  
p e r c e n t  c o t r a n s f o r m a t io n  o f  t h e  u n s e le c te d  m a rk e r . 
T ra n s fo rm in g  pRR106 i n t o  a l l  f o u r  B .s u b t i l i s  r e c i p i e n t s  
c o n ta in in g  m u ta t io n s  i n  t h e  t r p  g e n e s  ( t r p E . trp D . 
t r p C .  o r  i i p E )  and  s e l e c t i n g  i n i t i a l l y  f o r  KmR, 
r e s u l t e d  i n  99-100% c o t r a n s f o r m a t io n  o f  t h e  Trp+
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p h e n o ty p e  (T a b le  I I ) .  P r im a ry  s e l e c t i o n  f o r  Trp+ . 
t r a n s f o r m a n t s  c o n ta in in g  pRR106 w ere  a l s o  Km* 
i r r e s p e c t i v e  o f  t h e  t r p  r e c i p i e n t  s t r a i n  u s e d  (T a b le  
I I ) .  However t h e  T rp + p r im a ry  t r a n s f o r m a n t s  com pared  
t o  t h e  t r a n s f o r m a n t s  fro m  hom ologous ch ro m o so m al DNA 
r e s u l t e d  i n  s m a l l e r  s i z e  c o l o n i e s .
A l l  s t r a i n s  c o u ld  b e  t r a n s f o r m e d  w i th  pRR103 
f o r  KmR. H ow ever, o n ly  trp C  r e c i p i e n t s  g a v e  r i s e  t o  
Trp+ c o l o n i e s  i r r e s p e c t i v e  o f  t h e  p r im a ry  s e l e c t i o n  
(T a b le  I I ) .  Even a f t e r  a  9 0 -m in u te  d e l a y ,  no  o t h e r  
s t r a i n s  p ro d u c e d  Trp+ t r a n s f o r m a n t s .  The b i o l o g i c a l  
b e h a v io r  o f  pRR103 i n  t rp C  r e c i p i e n t s  s u g g e s te d  t h a t  
an  i n t e r n a l  p ro m o te r  l o c a t e d  u p s tre a m  o f  t r p C  may be  
in v o lv e d .
The S t r u c t u r e  o f  t h e  B .p u m ilu s  t r p E .  trp D  and  
,5-ltip.C. Genes
F o r t h e  p u rp o se  o f  a  c o m p a ra t iv e  e v a l u a t i o n  
b e tw een  t h e  t r p  o p e ro n s  o f  gram  p o s i t i v e  b a c t e r i a  
a n a lo g o u s  t o  t h e  o n e s  made f o r  gram  n e g a t i v e  b a c t e r i a ,  
(C ra w fo rd  s t a i - ,  1980; N ic h o ls  and  Y a n o fsk y , 1979; 
Y an o fsk y  an d  v an  C lee m p u t, 1982) t h e  s e q u e n c e  o f  t h e  
B .p u m ilu s  t r p  o p e ro n  was d e te rm in e d .  I f  a n  i n t e r n a l
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p ro m o te r  d o e s  e x i s t  u p s tr e a m  t o  t h e  B .p u m ilu s  t rp C  
g e n e ,  i t  w as a n t i c i p a t e d  t h a t  b y  hom ology  t o  o t h e r  
B a c i l l i  p ro m o te r s  i t  c a n  b e  l o c a t e d .  The H in d l l l  s i t e  
o f  t h e  a n a lo g o u s  p la s m id  pSL103 i s  l o c a t e d  i n  t h e  
t rp C  g e n e  a s  d e te rm in e d  b y  an  i n s e r t i o n a l  i n a c t i v a t i o n  
e x p e r im e n t  b y  K eg g in s  at al«# ( 1 9 7 9 ) .  T h is  H in d l l l  
s i t e  i s  a l s o  p r e s e n t  i n  pRR106 ( F ig u r e  3 ) .  A 2 .7 3 3 -k b  
EcoR I-H in d l l l  f ra g m e n t o f  t h e  B .p u m ilu s  t r p  o p e ro n  
s u s p e c t e d  o f  c o n ta in in g  t h e  t r p C  g e n e  an d  5 ' s e q u e n c e s  
t o  i t  w as s e q u e n c e d . The s e q u e n c in g  s t r a t e g y  o f  t h e
2 .7 3 3 -k b  f ra g m e n t i s  show n i n  F ig u r e  6 . The l o c a t i o n  
a n d  e x t e n t  o f  s e q u e n c e  o v e r l a p  i s  i n d i c a t e d  i n  
p a r e n t h e s i s .  The DNA s e q u e n c e  i s  show n i n  F ig u r e  7 . 
C o m p a riso n s  o f  t h e  p u b l i s h e d  B .p u m ilu s  t r p  p ro m o te r  
l e a d e r  s e q u e n c e  (K uroda at al»r 1986) t o  t h e  o n e  shown 
i n  F ig u r e  7 r e v e a l s  an  i d e n t i c a l  o v e r l a p  fro m  +272 t o  
+355 b e g in n in g  a t  t h e  EcoR I s i t e  i n  t r p E .  The 
n u m b e rin g  s y s te m  s t a r t e d  b y  K uroda  at al» (1 9 8 6 ) f o r  
t h e  B .p u m ilu s  t r p  l e a d e r  w as c o n t in u e d  i n t o  t h e  t r p E .  
i l E f i ,  a n d  5 ' i i p C  g e n e s  ( F ig u r e  7 ) .  A c c o rd in g  t o  t h e  
s e q u e n c e s  p u b l i s h e d  by K uroda  at al- ( 1 9 8 6 ) ,  t h e  
c lo n e d  B .p u m ilu s  £jcp f ra g m e n t  i n  pRR106 a s  w e l l  a s  t h e  
i d e n t i c a l  p la s m id  pSL103 (K e g g in s  at al«r 1980) do  n o t  
c o n t a i n  t h e  p ro m o te r  o f  t h e  t r p  o p e r o n .  T h e r e f o r e ,
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t h e  c o m p le m e n ta t io n  a n a l y s i s  o b t a i n e d  f o r  pRR106 
(T a b le  I I )  c a n  o n ly  b e  m e d ia te d  b y  o n e  o f  t h e  pUBHO 
p r o m o te r s .  The v e c t o r  i s  knovm t o  c o n t a i n  a t  l e a s t  
f o u r  o p en  r e a d i n g  f ra m e s  (O R F)f a l l  w i th  t h e  sam e 
t r a n s c r i p t i o n a l  o r i e n t a t i o n  a s  t h e  B .p u m ilu s  t r p  
i n s e r t  i n  pRR106 (M cK enzie  g£. a l . ,  1986 a n d  1 9 8 7 ) .
The t r p  i n s e r t  o f  pRR106 w as c lo n e d  w i t h i n  t h e  ORF- 
o f  pUBHO, b u t  t h e  i n s e r t  w as n o t  i n  t h e  sam e f ra m e  
a s  t h e  O R F 's c o d o n  s e q u e n c e  (M cK enzie £ £ & ! • /  1 9 8 6 ; 
1 9 8 7 ) . F o r  e x p r e s s i o n  i t  m o s t l i k e l y  u t i l i z e s  a n  
i n t e r n a l  m e th io n in e  l o c a t e d  15 b a s e s  u p s tr e a m  fro m  
t h e  EcoRI  c l o n i n g  s i t e  ( s e e  l e g e n d  o f  F ig u r e  7 ) .  
U p s tre a m  o f  t h e  c lo n e d  t r p  f r a g m e n t  an d  p r o x im a l  t o  
t h e  m e th io n in e  i s  a  w eak  p u t a t i v e  RBS (AAAGcGuGauGUGA;
G= - 8 .4  k c a l )  w h ic h  i s  n o t  s t r i n g e n t  e n o u g h  f o r  
e f f i c i e n t  r ib o s o m e  b i n d i n g  (B and  a n d  H e n n e r , 1984) 
b u t  s u f f i c i e n t  t o  g e n e r a t e  t h e  o b s e rv e d  s m a l l  c o lo n y  
s i z e  (T a b le  I I ) .  The c a p i t a l  l e t t e r s  o f  t h e  RBS 
w r i t t e n  ab o v e  i n d i c a t e s  t h e  b a s e s  in v o lv e d  i n  b i n d i n g  
t h e  3 ' en d  o f  t h e  B .s u b t i l i s  16S rRNA (M u rray  a n d  
R a b in o w i tz , 1 9 8 2 ) .
The t r p F  g e n e  i s  o n ly  p a r t i a l l y  r e p r e s e n t e d  
( a p p r o x im a te ly  57% o f  t h e  g e n e )  i n  t h e  B .p u m ilu s  i n s e r t  
(T ack n ey  an d  R u d n e r ,  1 9 8 1 ; K e g g in s  g t  A l* # 1 9 7 9 ) .  B o th
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o r i e n t a t i o n s  s h o u ld  p o se  a  p ro b le m  w i th  r e s p e c t  t o  t h e  
e x p r e s s io n  o f  t h e  t r p F  g e n e . I n  t h e  pRR106 o r i e n t a t i o n  
t h e  v e c t o r  c o u ld  p r o v id e  a  t r a n s c r i p t i o n a l  t e r m i n a t o r  
w h ich  w o u ld  n o t  b e  p o s s i b l e  i n  t h e  pRR103 o r i e n t a t i o n .  
T h e r e f o r e ,  c o m p lim e n tin g  a c t i v i t y  o f  t h e  p la s m id  
s p e c i f i c  t r p F  p r o t e i n  i s  p o s s i b l e  o n ly  i n  t h e  pRR106 
o r i e n t a t i o n  (T a b le  I I ) .  The T12 m u ta t io n  h a s  b een  m apped 
t o  t h e  a p p ro x im a te  m id d le  o f  t h e  t r p F  g en e  ( C a r l to n  an d  
W h i t t ,  1 9 6 9 ) . From th e  ab o v e  r e s u l t s  w i th  t r p F  t h e  m o st 
l o g i c a l  c o n c lu s io n  i s  t h a t  t h e  e n z y m a tic  a c t i v i t y  o f  t h e  
t r p F  g e n e  p r o d u c t  r e s i d e s  i n  t h e  am ino  t e r m i n a l  h a l f  and  
c a n  f u n c t io n  a s  a  t r u n c a t e d  p r o t e i n .
I t  seem s u n l i k e l y  t h a t  t r p C  fro m  pRR103 c o u ld  
b e  i n i t i a t e d  from  a v e c t o r  p ro m o te r  s i n c e  no  O R F's w ere  
fo u n d  i n  t h e  o p p o s i t e  o r i e n t a t i o n  o f  pUBHO (M cK enzie 
&1* > 19 8 6 , 1 9 8 7 ) . More l i k e l y  a s  t h e  f u n c t i o n a l  
e v id e n c e  s u g g e s t ,  s i m i l a r  t o  f i .f ia li  an d  S . tv p h im u riu m  
(M a rg o l in ,  1 9 7 1 ) , a  low  e f f i c i e n c y  i n t e r n a l  p ro m o te r  
o f  n o v e l  s e q u e n c e  may e x i s t  u p s tr e a m  o f  t h e  t rp C  g e n e . 
S u p p o r t in g  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  an  i n t e r n a l  
p ro m p te r  i n  t h e  t r p  o p e ro n  o f  B .p u m ilu s  com es fro m  Kane 
a n d  H i l l  (1 9 8 0 ) who u s e d  t h e  a n a lo g o u s  p la s m id  pSL103. 
They show ed t h a t  o n ly  t h e  t r p E  g e n e  p r o d u c t  w as 
r e g u l a t e d  by  t r y p to p h a n  an d  by  t h e  p r o d u c t  o f  t h e  m tr
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l o c u s .  The g en e  p r o d u c ts  o f  t h e  t r p D . t r p C .  an d  t r p F  
w ere  n o t .  They c o n c lu d e d  t h a t  t h e r e  m ust b e  tw o 
p ro m o te r s  i n  t h e  c lo n e d  B .p u m ilu s  t r p  i n s e r t :  o n e  
r e g u l a t e d  b y  t r y p to p h a n  an d  o n e  n o t .  In  v ie w  o f  t h e  
r e s u l t s  p r e s e n te d  b e lo w  on t h e  m easu rem en ts  o f  
a n t h r a n i l a t e  s y n th e t a s e  a c t i v i t y , t h e  DNA s e q u e n c e  o f  
t h e  t r p D ,  an d  5 ' t rp C  g e n e s  o f  B .p u m ilu s . a n d  th e
s e q u e n c e  d a t a  o f  K uroda a l . , (1986) i t  a p p e a r s  t h a t  
t h e  t r y p to p h a n  s e n s i t i v i t y  o f  a n t h r a n i l a t e  s y n th e t a s e
fe e d b a c k  i n h i b i t i o n  ( P a t e l  & ! • ,  1974) an d  n o t  t o  a  
T rp  r e g u l a t e d  p ro m o te r .  The c lo n e d  B .p u m ilu s  t r p E  
g en e  p r o d u c t  was r e g u l a t e d  i n  an  m tr  b a ck g ro u n d  ( s e e  
M easu rem en ts  o f  A n t h r a n i l a t e  S y n th e ta s e ,  pg  64 an d  71 f o r  
d e f i n i t i o n  o f  m t r # and  d i s c u s s io n  o f  T a b le  V I, V I I ,  
an d  V I I I ) .  The m tr  e f f e c t  m easu red  by us and  Kane and  
H i l l  (1980) i n d i c a t e s  t h a t  th e  m tr  gene p r o d u c t  may 
a c t  a t  o t h e r  l o c a t i o n s  b e s id e s  t h e  t r p  l e a d e r  t r a n s ­
c r i p t  (S h im o tsu  a l . , 1 9 8 6 ) . The c o n c lu s io n  made 
by  Kane and  H i l l  (1980) o f  an  a d d i t i o n a l  p ro m o te r ,  n o t  
r e g u l a t e d  by T rp  o r  t h e  m tr  g en e  p r o d u c t  i s  s u p p o r te d  
by  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  pRR106 an d  pRR103 
(T a b le  I I ) .
( th e  t r p E  g en e  p r o d u c t )  from  pRR106
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S eq u en ce  a n a l y s i s  was u n d e r ta k e n  t o  s e a r c h  
f o r  c o n s e n s u s  p r o m o t e r - l i k e  e le m e n ts  w i t h i n  t h e  
s t r u c t u r a l  g e n e s .  I n t e r n a l  p ro m o te r s  a r e  known t o  
s e r v e  a  d u a l  f u n c t i o n :  a t  t im e s  t h e  s e q u e n c e  i s  p a r t  o f  
a  p r o t e i n  an d  i s  t r a n s c r i b e d ,  w h i le  a t  o t h e r  t im e s  i t  
s e r v e s  a s  a  r e g u l a t o r y  e le m e n t  (H o ro w itz  and  P l a t t ,  
1 9 8 2 ) . O r i g i n a l l y  a n  i n t e r n a l  p ro m o te r  w as i d e n t i f i e d  
by  B a u e r le  an d  M a rg o lin  (1 9 6 7 ) by  g e n e t i c  an d  e n z y m a tic  
a n a ly z e s  i n  t r p  m u ta n ts  o f  S . t y p h im u riu m . The l o c a t i o n  
w as u p s tr e a m  t o  t h e  t rp C  g en e  i n  t h e  s t r u c t u r a l  
s e q u e n c e s  o f  t h e  t rp D  g e n e .  An a n a lo g o u s  s i t e  was fo u n d  
a  y e a r  l a t e r  i n  t h e  t r p  o p e ro n  o f  E . c o l i  (M orse and  
Y a n o fsk y , 1 9 6 8 ) . The s e q u e n c e  o f  t h e  E .c o l i  i n t e r n a l  
p ro m o te r  d id  n o t  r e s e m b le  t h e  t y p i c a l  c o n s e n s u s  
p r o m o te r s .  From S I n u c le a s e  a n a l y s i s  i t  was i d e n t i f i e d  
a s  GTGACA a t  t h e  -3 5  r e g io n  and  TACAAG a t  t h e  -1 0  r e g io n  
(H o ro w itz  and  P l a t t ,  1 9 8 2 ) .  To d e te r m in e  w h e th e r  t h e  
B .s u b t i l i s  t r p  o p e ro n  c o n ta in e d  a d d i t i o n a l  p ro m o te r s  
S h im o tsu  and  H en n er (1 9 8 6 ) rem oved  t h e  p ro m o te r  u p s tr e a m  
t o  t r p E  and  f u s e d  a  la c Z  g e n e  t o  t h e  en d  o f  t h e  t r p F  
g en e  an d  i n t e g r a t e d  t h e  c o n s t r u c t  i n t o  t h e  amyE lo c u s .  
T h e ir  r e s u l t s  d id  n o t  show  s i g n i f i c a n t  e x p r e s s io n  o f  
b e t a - g a l a c t o s a i d a s e  ab o v e  b a c k g ro u n d  l e v e l s ,  w h ich  l e d  
them  t o  c o n c lu d e  t h a t  e i t h e r  t h e r e  i s  no  i n t e r n a l
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p r o m o te r  i n  t h e  B .s u b t i l i s  t r p  o p e ro n  o r  t h a t  t h e  
e x p r e s s i o n  o f  a  p o s s i b l e  p r o m o te r  may n o t  b e  h ig h  en o u g h  
t o  d e t e c t  ab o v e  b a c k g ro u n d  l e v e l s .  U p s tre a m  t o  t h e  
i n i t i a t i o n  M et co d o n  o f  t h e  B .p u m ilu s  t r p C  g en e  (ATG a t  
+ 2 8 7 0 -2 8 7 2 ; F ig u r e  7 ) ,  t h e r e  i s  a l s o  no  r e c o g n i z a b l e  
c o n s e n s u s  p ro m o te r  e l e m e n t , n o r  s e q u e n c e s  r e s e m b l in g  t h e  
E . c o l i  i n t e r n a l  p r o m o te r .  A lth o u g h  c o n s e n s u s - l i k e  
p r o m o te r  e le m e n ts  w ere  n o t  fo u n d  im m e d ia te ly  5 ’ t o  t r p C .  
t h r e e  c o n s e n s u s  p r o m o t e r - l i k e  s e q u e n c e s  w e re  fo u n d  i n  
t h e  t r p E  g e n e  o f  B .p u m ilu s  a t  t h e  f o l l o w i n g  l o c a t i o n s :
1) + 3 3 7 -3 4 2  (TTGAAA) - 3 5 ,  + 3 6 1 -3 6 6  (TCTCAC) -1 0 ?
2) + 3 7 9 -3 8 4  (TTGAAA) - 3 5 ,  + 4 2 4 -4 2 9  (TGTATT) -1 0 ?  an d
3) + 1 7 2 8 -1 7 3 3  (CTGAAA) - 3 5 ,  + 1 7 5 2 -1 7 5 7  (CATATT) -1 0  
( T a b le  I I I ) .  The f i r s t  tw o  w ere  t e s t e d  i n  a  p ro m o te r  
s e a r c h  p la s m id  ( s e e  n e x t  s e c t i o n ) .
M e a su re m e n ts  o f  b e t a - g a l a c t o s a i d a s e  A c t i v i t y  
fro m  PMR500
To d e te r m in e  w h e th e r  t h e  f i r s t  tw o  (1 an d  2) 
p r o m o t e r - l i k e  e le m e n ts  w i t h i n  t h e  B .p u m ilu s  t r p E  g e n e  
h a d  an y  p ro m o te r  a c t i v i t y ,  an  EcoRI - B e I I  504 b p  f ra g m e n t  
w as c lo n e d  u p s tr e a m  t o  a  p r o m o t e r l e s s  la c Z  g en e  o f  
p la s m id  pSK10A6 r e s u l t i n g  i n  t h e  r e c o m b in a n t  p la s m id
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pMR500 ( F ig u r e  8 ) .  T h is  f ra g m e n t  s e r v e d  a s  a  p ro m o te r  
a n d  e x p r e s s e d  b e t a - g a l a c t o s a i d a s e  when t r a n s f o r m e d  i n t o  
E .c o l i  h o s t  7 1 -1 8 . I n  T a b le  V t h e  r e s u l t s  o f  t h e  
m e a su re m e n ts  o f  b e t a - g a l a c t o s a i d a s e  a c t i v i t y  i n  M i l l e r  
u n i t s  ( M i l l e r f 1972) o f  p la s m id  pMR500 co m p ared  t o  
p a r e n t a l  p la s m id  pSKlO 6 , an d  p o s i t i v e  c o n t r o l  p la s m id  
pUC19 a r e  show n. P la s m id  pUC19 ( Y a n is h -P e r ro n  f i t  a l . . 
1985) c o n t a i n s  t h e  e n d o g e n o u s  b e t a - g a l a c t o s a i d a s e  
p ro m o te r  ( 0 - g a l ) .  C om pared t o  t h e  en d o g en o u s  0 - g a l  
p r o m o te r /  t h e  p ro m o te r  a c t i v i t y  o f  pMR500 i s  m o d e ra te  
t o  lo w . I n  E .c o l i  t h e r e  i s  no  t r y p to p h a n  s e n s i t i v i t y .  
P a r e n t a l  p la s m id  pSK10A6 g iv e s  t h e  e x p e c te d  n e g a t iv e  
r e s u l t s ,  s i n c e  i t  d o e s  n o t  c o n t a i n  a  p r o m o te r .  The 
p r im a r y  s t r u c t u r e  o f  c o n s e n s u s  p ro m o te r  s e q u e n c e s  
r e c o g n iz e d  by  v e g e t a t i v e  RNA p o ly m e ra se  i s  i d e n t i c a l  i n  
E . c o l i  (M cC lure f i t  f i l . ,  1985) and  B .s u b t i l i s  (M oran f i t  
a l . . 1 9 8 2 ) . A lth o u g h  t h e  c a p a b i l i t y  o f  t h i s  B .p u m ilu s  
f ra g m e n t t o  show  p ro m o te r  a c t i v i t y  i n  E .c o l i  i s  
s u g g e s t i v e ,  i t  d o e s  n o t  u n e q u iv o c a l ly  p ro v e  t h a t  i t  
f u n c t i o n s  a s  an  i n t e r n a l  p ro m o te r  i n  B .p u m ilu s . I f  t h e  
c o n c lu s io n  by  S h im o tsu  an d  H en n er (1 9 8 6 ) t h a t  an  
i n t e r n a l  p ro m o te r  may n o t  e x i s t  i n  t h e  t r p  o p e ro n  o f  
B .s u b t i l i s  i s  t r u e ,  o u r  o b s e r v a t i o n s  may r e p r e s e n t  a  
d i f f e r e n c e  i n  t h e  r e g u l a t i o n  o f  t h e  t r p  o p e ro n s  b e tw e e n
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t h e  tw o  B a c i l l i  s p e c i e s .  A b e t t e r  s y s te m  c u r r e n t l y  
a v a i l a b l e  f o r  t e s t i n g  p r o m o te r s  i n  B .s u b t i l i s  i s  t h e  
p la s m id  pDH32, a  r e c e n t  u n p u b l i s h e d  d e r i v a t i v e  o f  
p t r p I G I  (S h im o ts u  an d  H e n n e r , 1 9 8 6 ) .
O r g a n iz a t io n  o f  t h e  B .p u m ilu s  t r p  G enes
The o r g a n i z a t i o n  o f  t h e  B .p u m ilu s  t r p  g e n e s  
w e re  a n a ly z e d  w i th  r e s p e c t  t o  t h e i r  i n i t i a t i o n  s i g n a l s ,  
t e r m i n a t i o n  s i g n a l s ,  r ib o s o m a l  b in d i n g  s i t e s  (RBS) a n d  
hom ology  t o  t h e  B .s u b t i l i s  t r p  g e n e s .  S in c e  t h e  
B .p u m ilu s  t r p  o p e ro n  i s  o r g a n iz e d  m uch l i k e  t h a t  o f  
B .s u b t i l i s  a n d  i s  r e g u l a t e d  by t h e  sam e n o v e l  fo rm  o f  
t r a n s c r i p t i o n  a t t e n u a t i o n  (K u ro d a  s t  r 1 986 ; S h im o tsu  
S t  &!.• $ 1 9 8 6 ) ,  t h e  p u b l i s h e d  B .s u b t i l i s  t r p  s e q u e n c e  
(H en n e r s i  £ l w  1985) w as u s e d  a s  a  r e f e r e n c e  t o  l o c a t e  
t h e  b e g in n in g s  an d  e n d s  o f  t h e  t r p E ,  t IE D / an d  5 ' t r pC 
g e n e s  o f  B .p u m i lu s . When t h e  tw o  s e q u e n c e s  w ere  
m a x im a lly  a l i g n e d ,  a  v a lu e  o f  66% hom ology  em erg ed  
b e tw e e n  t h e  tw o s p e c i e s  ( F ig u r e  9 ) .  S i m i l a r l y ,  t h e  t r p  
p r o m o t e r - l e a d e r  r e g i o n s  w ere  co m p ared  b e tw e e n  B .p u m ilu s  
a n d  B .s u b t i l i s  an d  t h e  s e q u e n c e s  w e re  fo u n d  t o  b e  62% 
ho m o lo g o u s (K u ro d a  £ i  a l . ,  1 9 8 6 ) .
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The RBS and th e  s t a r t  codon f o r  t rp E  se q u e n c e d  
by  K uroda f i t  a l . , (1986) w ere  n o t  p r e s e n t  on t h e  i n s e r t  
o f  pRR106. As was fo u n d  i n  t h e  B .s u b t i l i s  and  E .c o l i  
t r p  o p e r o n s ,  t h e  t e r m in a t io n  codon f o r  t h e  B .p u m ilu s  
t r p E  g en e  o v e r la p s  t h e  c o d in g  s e q u e n c e s  o f  t r p D . T h e re  
a r e  29 n u c l e o t id e s  ( n t )  b e tw een  t h e  b e g in n in g  o f  trp D  
an d  t h e  end  o f  t rp E  ( F ig u re  7 and  9 ) .  The t e r m in a t io n  
codon  o f  trp D  a l s o  o v e r la p s  t h e  i n i t i a t i o n  codon  o f  
t rp C  b y  8 n t .  B oth  o f  t h e s e  o v e r l a p s  a r e  s i m i l a r  t o  
t h e  s i t u a t i o n  fo u n d  i n  t h e  B .s u b t i l i s  t r p  o p e ro n  
( F ig u r e  9? H enner f i t  a l . , 1 9 8 5 ) . In  t h e  E .c o l i  t r p  
o p e ro n  t h e r e  i s  one n u c l e o t id e  s e p a r a t i n g  t h e  en d  o f  
t r p E  an d  th e  b e g in n in g  o f  t r p D . an d  3 n u c l e o t id e s  
b e tw e en  t h e  en d  o f  trp D  an d  t h e  b e g in n in g  o f  t rp C  
(Y an o fsk y  f i t  a l*  r 1 9 8 1 ). In  t h e  E .c o l i  t r p  o p e ro n , 
t h e  o v e r la p p in g  o f  i n t e r c i s t r o n i c  r e g io n s  i s  
a s s o c i a t e d  w i th  t r a n s l a t i o n a l  c o u p l in g  (O ppenheim  an d  
Y a n o fsk y , 1 9 8 0 ) . The se q u e n c e  d a t a  s u g g e s t  t h a t  i n  
B .p u m ilu s  t h e  t r p E . t r pD. and  trp C  g en es  a r e  a l s o  
t r a n s l a t i o n a l l y  c o u p le d . A lth o u g h  i t  i s  im p o s s ib le  t o  
b e  c e r t a i n  a b o u t  th e  o v e r la p p in g  se q u e n c e s  i n  B .p u m ilu s  
w i th o u t  p r o t e i n  d a t a ,  i t  i s  f e l t  t h a t  t h i s  f in d in g  i s  
common t o  many b a c t e r i a l  t r p  o p e ro n s  (Y anofsky  and  
C ra w fo rd , 1 9 8 7 ) . A p o t e n t i a l  trp D  RBS, w hich  h a s  t h e
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p r o p e r  s e q u e n c e  AGaAAAGGAGaGUG, was l o c a t e d  i n  t r p E .
The c a l c u l a t e d  f r e e  e n e rg y  ( G) f o r  t h a t  RBS an d  t h e  
3 ' en d  o f  t h e  16S rRNA o f  B .s u b t i l i s  w as - 1 8 .0  k c a l  
(T in o c o  f i t  f i l . # 1 9 7 3 ) .  The p o t e n t i a l  RBS o f  t h e  
t rp C  g en e  AGaGAGGaaGA h a s  a  c a l c u l a t e d  G o f  - 1 3 .8  
k c a l .  I t s  l o c a t i o n  i s  w i t h i n  t h e  en d  o f  t h e  t rp D  
g en e  ( F ig u r e  7 ) .
C o m p ariso n s  o f  t h e  t r p  C o d ing S eq u en ce  o f  B .p u m ilu s  
B . s u b t i l i s  an d  E . c o l i
The d e d u c e d  am ino  a c i d  s e q u e n c e s  f o r  t h e  
f i r s t  t h r e e  B a c i l l i  t r p  g e n e s  w ere  e a s i l y  a l i g n e d  w i th  
t h e i r  E .c o l i  c o u n t e r p a r t s  ( F ig u r e  1 0 ) .  Among t h e  
B a c i l l i  s p e c i e s , t h e  v a lu e s  f o r  am ino a c i d  i d e n t i t y  
a r e  6 8 , 6 2 , and  65% f o r  t h e  t r p E .  trp D  an d  5 1tr p C  g e n e s ,  
r e s p e c t i v e l y .  When t h e  c h a rg e d  r e l a t e d  r e s i d u e s  w ere  
in c lu d e d  t h e  % s i m i l a r i t i e s  w ere  7 9 , 7 6 , an d  72%, 
r e s p e c t i v e l y .  A p p ro x im a te ly  a  t h i r d  o f  t h e  am ino  a c i d s  
m a tch  e x a c t l y  b e tw e e n  t h e  tw o B a c i l l i  an d  E .c o l i . The 
c h a rg e  r e l a t e d  r e s i d u e s  o f  t h e  tw o B a c i l l i  a n d  E .c o l i  
t r p  p r o t e i n s  a v e r a g e s  t o  55%.
A c r i t i c a l  s e r i n e  r e s i d u e ,  p a r t  o f  a  c o n s e rv e d  
s e q u e n c e  LLES (L e u -L e u -G lu -S e r )  (M a tsu i f i t  a l . , 1987)
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l o c a t e d  u p s tr e a m  i n  t h e  t r p E  g e n e ,  w as fo u n d  i n  t h e  
B a c i l l i  s p e c i e s  a l ig n m e n t  a t  r e s i d u e s  4 7 -5 0  [ i . e .  ( 8 9 -  
9 2 ) - 4 2 ]  a n d  i n  E .c o l i  a t  3 7 -4 0  ( F ig u r e  10 A ) .  A p p a r e n t ly  
t h i s  r e g i o n  i s  e s s e n t i a l  f o r  t h e  a l l o s t e r i c  r e g u l a t i o n  
o f  t h e  t r p E  g e n e  p r o d u c t  o f  t h e  a n t h r a n i l a t e  s y n t h e t a s e  
c o m p le x . I n  B r e v ib a c te r iu m  la c to f .e rm e n tm n  (fi.laSLtO n 
fe rm e n tu m ) . a  s u b s t i t u t i o n  o f  R (A rg ) f o r  t h e  S ( S e r )  
c a u s e d  t h e  d e s e n s i t i z a t i o n  t o  f e e d  b a c k  i n h i b i t i o n  b y  
t r y p t o p h a n  a n d  a l s o  c o n f e r r e d  r e s i s t a n c e  t o  5 -  
f l u o r o t r y p t o p h a n  (a n  m tr  m u ta t io n )  ( H a t s u i  e t  a l . ,
1 9 8 7 ) .  S in c e  r e g u l a t i o n  o f  t h e  B a c i l l u s  t r p  o p e ro n  i s  
g o v e rn e d  b y  t h e  p r o d u c t  o f  t h e  m tr  lo c u s  (S h im o tsu  
a l . . 1 9 8 6 ) ,  t h e  c o n s e r v a t i o n  o f  t h i s  s e q u e n c e  may h a v e  
f u n c t i o n a l  im p o r ta n c e .  S in c e  t h e  m tr  m u ta t io n  was 
c a u s e d  b y  t h i s  am ino  a c i d  s u b s t i t u t i o n  i n  t h e  B . l a c t o -  
fe rm e n tu m  t r p E  g en e  a t  a n  a r e a  n o t  b e l i e v e d  t o  b e  a 
l e a d e r  o r  an  o p e r a t o r  s e q u e n c e ,  i t  i n d i c a t e s  t h a t  m tr  
r e g u l a t i o n  may a c t  on t h e  s t r u c t u r a l  g e n e .  R e s i s t a n c e  
t o  t h e  t r y p t o p h a n  a n a lo g s  5 - m e th y t r y p to p h a n  an d  5 -  
f l u o r o t r y p t o p h a n  h a v e  b e e n  l o c a l i z e d  t o  t h e  t r p R  and  
t r p  o p e r a t o r  lo c u s  i n  E .c o l i  (C ohen a n d  J a c o b ,  1959 ; 
H i r a g a ,  1 9 6 9 ) .  The t r pR c o d e s  f o r  t h e  r e g u l a t o r y  
p r o t e i n  (T rp  a p o r e p r e s s o r )  i n  E .c o l i  (Z u b ay  g t  a l . .
1 9 7 2 ) .  I n  t h e  B a c i l l i ,  5 - m e th y l t r y p to p h a n  r e s i s t a n c e
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i s  b e l i e v e d  t o  b e  t h e  r e s u l t  o f  a  m u ta te d  T rp  
r e g u l a t o r y  p r o t e i n  l o c a l i z e d  t o  t h e  m tr  lo c u s  (H och , 
1 9 7 4 ) .  The s i t e  o f  a c t i o n  o f  t h e  T rp  r e g u l a t o r y  
p r o t e i n s  i s  on t h e  DNA s e q u e n c e  ( O p e r a to r )  i n  E . c o l i . 
on  t h e  jfcip mRNA t r a n s c r i p t  i n  B . s u b t i l i s  an d  B .p u m ilu s  
a n d  p o s s i b l y  on  t h e  g e n e  i n  B . la c to f e r m e n tu m .
W h eth e r t h e  e f f e c t  o f  a  p r o p o s e d  T rp  r e g u l a t o r y  
p r o t e i n  i n  B . la c to f e rm e n tu m  i s  on t h e  mRNA l e v e l  o r  
on t h e  p r o t e i n  l e v e l  o f  t h e  t r p E  g en e  r e m a in s  t o  be  
d e te r m in e d .  As p r e s e n t e d  b e lo w  i n  t h e  s e c t i o n  on t h e  
M easu rem en ts  o f  A n t h r a n i l a t e  S y n th e t a s e  A c t i v i t y  o f  
B .p u m i lu s . t h e  mfct g e n e  p r o d u c t  i s  a p p a r e n t l y  a l s o  
h a v in g  an  e f f e c t  o n  t h e  t r p E  g e n e .  The l o c a t i o n ,  
i s o l a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  t h e  m tr  g en e  fro m  
t h e  B a c i l l i  an d  B . la c to f e r m e n tu m  s h o u ld  r e s o l v e  w h e th e r  
t h e r e  i s  a  s i n g l e  s i t e  o f  a c t i o n  o r  m u l t i p l e  s i t e s  o f  
a c t i o n  f o r  t h i s  g e n e  p r o d u c t .
In  £ .£ 2 1 1 ,  t h e  a r r a n g e m e n t  o f  t h e  t rp D  an d  
t rp G  g e n e  d i f f e r s  fro m  t h e  B a c i l l i  ( F ig u r e  2 ; Y a n o fsk y  
f i t  A l** 1971 ; J a c k s o n  a n d  Y a n o fsk y , 1 9 7 4 ) .  In  E .c o l i  
t h e  tw o  g e n e s  a r e  f u s e d  w h i le  i n  t h e  B a c i l l i  s p e c i e s  
t h e  trp G  f u n c t io n  i s  u n l in k e d  t o  t h e  t r p  o p e ro n  (Hoch 
&1* r 1969 ; Kane s i  f l l » ,  1 9 7 2 ) .  T h e r e f o r e ,  t h e  
a l ig n m e n t  shown i n  F ig u r e  10 b e g in s  a f t e r  am ino a c i d
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num ber 200 i n  f i . f i f i l i ,  w here  t h e  £ipE> g e n e s  o f  t h e  
B a c i l l i  s p e c i e s  w ere  m a x im a lly  a l i g n e d .  A re m a rk a b le  
c o n s e rv e d  b lo c k  o f  50 am ino a c id s  was fo u n d  i n  t h e  
a l ig n m e n t  fro m  2 7 6 -3 2 5  o f  t h e  trp D  g en e  ( F ig u r e  10 B ) .
A c o m p u te r  s e a r c h  fro m  GenBank f o r  t h a t  s e q u e n c e  show ed 
t h a t  o t h e r  m ic ro o rg a n is m s  l i k e  A .c a l c o a c e t i c u s .
£.lftStfiferroentwnw s .tv p h im u r iu m  an d  S . c e r e v i s i a e  
c o n ta in  t h e  h ig h ly  c o n s e rv e d  b lo c k  ( F ig u r e  10 C ) . The 
5 ' p o r t i o n  o f  t h e  c o n s e rv e d  r e g io n  from  2 7 9 -2 8 4 , c o d in g  
f o r  t h e  am ino a c i d s  GTGGDG, was i n v a r i a n t  an d  fo u n d  i n  
a l l  m ic ro o rg a n is m s  com pared  in c lu d in g  S . c e r e v i s i a e .
I t  was n o te d  t h a t  t h i s  s e q u e n c e  GTGGDG ( G ly -T y r -G ly -  
G ly -A sp -G ly ) i s  c h a r a c t e r i s t i c  o f  an  A T P -b in d in g  s i t e  
(GXGXXG-16-23 am ino  a c id s -K )  fo u n d  i n  a lm o s t  a l l  
known p r o t e i n  k i n a s e s  and  i n  some n u c l e o t i d e  b in d in g  
p r o t e i n s  (H u n te r  a n d  C o o p e r, 1 9 8 5 ) . A K (L y s) was 
fo u n d  i n  t h e  trp D  g en e  p r o d u c t  ( a n t h r a n i l a t e  
p h o s p h o r ib o s y l  t r a n s f e r a s e )  a f t e r  am ino a c i d  num ber 
20 -2 2  from  th e  l a s t  G (G ly) o f  t h e  A T P -b in d in g  s i t e  in  
a l l  o rg a n ism s  a v a i l a b l e ,  e x c e p t  A .c a l c o a c e t i c u s  (T , Tyr? 
F ig u re  10 C ) . In  some p r o t e i n  k i n a s e s ,  i t  h a s  b een  
d e m o n s tra te d  t h a t  t h i s  K (L ys) b in d s  t h e  gamma P04 o f
ATP w h i le  p r e l im i n a r y  e v id e n c e  i n d i c a t e  t h a t  t h e
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o t h e r  tw o P04 s i t  i n  th e  GX6XX6 lo o p  ( T a y lo r  e t  a l . .
1 9 9 0 ) .  A lth o u g h  p r o t e i n  k i n a s e s  t r a n s f e r  P04 g ro u p s
fro m  ATP o n to  S e r ,  T h r ,  o r  T y r r e s i d u e s  o f  s u b s t r a t e  
p r o t e i n s  ( T a y lo r  eJL a l * r  1990) t h i s  s e q u e n c e  may b e  
p l a y i n g  a  s i m i l a r  b u t  n o t  i d e n t i c a l  r o l e  i n  t h e  
p h o s p h o r ib o s y l  t r a n s f e r a s e  a c t i v i t y  o f  t h e  trp D  g en e  
p r o d u c t  ( F ig u r e  1 ) .  By a n a lo g y  i t  i s  l i k e l y  t h a t  t h e  
p y r o p h o s p h a te s ,  o f  PRPP ( F ig u r e  1) may b e  h e ld  by  t h e  
K (L y s) a n d  G (G ly ) lo o p  w h i le  t h e  p h o s p h o r ib o s y l  m o ie ty  
i s  t r a n s f e r r e d  t o  a n t h r a n i l a t e .
A t t h e  3 ' p o r t i o n  o f  t h e  c o n s e rv e d  b lo c k  a t  
am ino  a c i d s  3 1 2 -3 2 0  a  u n iq u e  s e q u e n c e  w i th  t h e  f o l lo w in g  
am ino  a c i d s :  RSVSSKSGS ( A r g - S e r - V a l - S e r - S e r - L y s - S e r -  
G ly - S e r ;  F ig u r e  10 C) i s  o b s e r v e d .  The r i c h n e s s  o f  
s e r i n e  r e s i d u e s  may h av e  f u n c t i o n a l  s i g n i f i c a n c e  i n  t h e  
p h o s p h o r ib o s y l  t r a n s f e r a s e  a c t i v i t y  o f  t h e  trp D  g en e  
p r o d u c t  s i n c e  p h o s p h o r y la te d  s e r i n e s  i n  p r o t e i n s  h a v e  
b e e n  a s s o c i a t e d  w i th  r e g u l a t i o n  ( T a y lo r  a l » / 1 9 9 0 ) . 
I t s  p r o x im i ty  t o  t h e  i n v a r i a n t  s e q u e n c e  o f  P04 a c c e p to r
s i t e s  make t h i s  h y p o th e s i s  p l a u s i b l e .
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Cgfon Vs.aqg
Codon u s a g e  i n  t h e  B .p u m ilu s  t r p  s e q u e n c e s  
w ere  com pared  w i th  p u b l i s h e d  t a b l e s  r e p o r t e d  f o r  
B .s u b t i l i s  an d  £ . £ 2 L l  by  H en n er £fc a l . /  (1985) an d  
Y anofsky  e t  a l . .  (1 9 8 1 ) /  r e s p e c t i v e l y  (T a b le  V ). O v er­
a l l ,  codon  u t i l i z a t i o n  i n  b o th  B a c i l l i  was s i m i l a r  
e s p e c i a l l y  f o r  t h e  t r p E  g e n e s .  How ever, d i f f e r e n c e s  
w ere  fo u n d  i n  B .p u m ilu s  w i th  c e r t a i n  f a v o re d  co d o n s  
in v o lv in g  A i n  t h e  t h i r d  p o s i t i o n .  F o r ex a m p le , t h e  
B .p u m ilu s  se q u e n c e  o f  t h e  trp D  gene p r o d u c t  o n ly  
c o n ta in e d  tw o o f  t h e  f o u r  co d o n s  f o r  p r o l i n e ,  (CC6 
40% and  CCA 60% ); w h i le  B .s u b t i l i s  u s e d  a l l  f o u r ,  w i th  
CCA b e in g  t h e  l e a s t  u t i l i z e d  (8% ). F o r g lu ta m in e ,  
w i th  o n ly  tw o c h o i c e s ,  B .p u m ilu s  f a v o re d  CAA (80%) an d  
B .s u b t i l i s  CA6 (78% ). T h e re  i s  a  c o m p le te  a b s e n c e  o f  
co d o n s w ith  66 i n  t h e  s e c o n d  and  t h i r d  p o s i t i o n s  i n  
t h e  t rp E  and  trp D  g en e  p r o d u c t s  i n  E .c o l i . T h is  may 
h av e  f u n c t i o n a l  o r  s t r u c t u r a l  im p l i c a t i o n s  c o n s id e r in g  
t h a t  6 i s  t h e  b a s e  w h ich  i s  m o st m u ta b le  and  s u b j e c t  t o  
t r a n s i t i o n a l  and  f r a m e s h i f t  m u ta t io n s .  I n  a d d i t i o n  T66 
i s  th e  o n ly  codon  f o r  T rp  an d  T rp  co d o n s  a r e  n o t  fo u n d  
i n  th e  £ . s s l i  t r p E , t r p D , an d  trp A  n o r  i n  t h e  B .s u b t i l i s
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t r p C  a n d  t r p A  g e n e  p r o d u c t s  (Y a n o fsk y  a l . /  1 9 8 1 ; 
H e n n e r  £& aJL* r 1 9 8 5 ) .
The p r e s e n c e  o f  t r y p t o p h a n  r e s i d u e s  w e re  
e v a l u a t e d  f o r  t h e  s e q u e n c e d  p o r t i o n  o f  B .p u m i lu s . T h e re  
w e re  3 an d  0 T rp  c o d o n s  i n  t r p E  a n d  t r p D . r e s p e c t i v e l y ,  
c o m p a re d  t o  2 an d  1 f o r  B .s u b t i l i s  J iip E  a n d  t rp D  g e n e s .  
The p h y s i o l o g i c a l  o r  e v o l u t i o n a r y  i m p l i c a t i o n s  o f  t h i s  
o b s e r v a t i o n  a n d  t h e  v a r i a t i o n  b e tw e e n  t h e  t h r e e  s p e c i e s  
r e m a in s  unknow n.
A c c o rd in g  t o  G ran th am  a l . ,  ( 1 9 8 1 ) ,  t h e  n o n -  
ran d o m  p a t t e r n  o f  c o d o n  u s a g e  i s  c h a r a c t e r i s t i c  o f  
h i g h l y  e x p r e s s e d  g e n e s  i n  b a c t e r i a .  The u s e  o f  U o v e r  C 
i n  t h e  t h i r d  p o s i t i o n  d e f i n e s  t h e  l e v e l  o f  g e n e  e x p r e s ­
s i o n  a s  h ig h  an d  n o n -ra n d o m  (G ra n th a m  a l « ,  1 9 8 1 ) .
The U (T )/C  r a t i o s  o f  n u c l e o t i d e  c h o i c e s  i n  t h e  t h i r d  
p o s i t i o n  o f  16 p a i r s  o f  c o d o n s  f o r  t h e  t r p E  a n d  trp D  
g e n e s  w e re  c a l c u l a t e d .  They w e re  fo u n d  t o  b e  1 .4 4  
a n d  1 .4 4  f o r  B .p u m ilu s  a n d  1 .9 4  a n d  1 .4 4  f o r  B .s u b t i l i s  
t r p E  a n d  t rp D  g e n e s ,  r e s p e c t i v e l y .  F o r  E . c o l i  t h e  
r a t i o s  w e re  0 .8 5  a n d  0 .7 5  f o r  t h e  t r p E  a n d  t r p G -D g e n e s ,  
r e s p e c t i v e l y .  T h e se  r a t i o s  e x c e e d e d  e x p e c t a t i o n  b a s e d  
o n  t h e  c o m p o s i t io n  o f  B a c i l l u s  genom es (T /C = 1 .2 7 )  an d  
w e re  b e lo w  t h e  e x p e c te d  v a lu e  o f  0 .9 2  f o r  E .c o l i
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(Y a n o fsk y  s i  a l . ,  1 9 8 1 ; H en n er g £  a l . ,  1 9 8 5 ) .  T h e r e ­
f o r e  we d o  n o t  a g r e e  w i th  H e n n e r  s i  a l . ,  (1 9 8 5 )  who 
c o n c lu d e d  t h a t  t h e  B .s u b t i l i s  i i p  o p e ro n  i s  n o t  
e x p r e s s e d  a t  h ig h  l e v e l s  b e c a u s e  t h e  c o d o n  u s a g e  seem s 
m ore  ran d o m  t h a n  t h a t  s e e n  f o r  E .c o l i .
M easurem e n t s  o f  A n t h r a n i l a t e  S y n t h e t a s e  A c t i v i t y
To r e s o l v e  w h e th e r  t h e  c lo n e d  B .p u m ilu s  t r p E  
g e n e  p r o d u c t  w as r e g u l a t e d  b y  t h e  t r y p t o p h a n  a v a i l a b i l i t y  
i n  t h e  h o s t  c e l l ,  m e a s u re m e n ts  o f  a n t h r a n i l a t e  s y n t h e t a s e  
a c t i v i t y  w e re  p e r fo r m e d .  The c r u d e  e x t r a c t s  p r e p a r e d  
f ro m  B .s u b t i l i s  c o n t a i n  b o th  t h e  a m i n o t r a n s f e r a s e  s u b ­
u n i t  ( i r p E )  a n d  t h e  a m i d o t r a n s f e r a s e  s u b u n i t  ( t r p G ) o f  
t h e  a n t h r a n i l a t e  s y n t h e t a s e  c o m p le x . T he t r p G  s u b u n i t  
( a m i d o t r a n s f e r a s e )  c a n n o t  s y n t h e s i z e  a n t h r a n i l a t e  
a lo n e  a l t h o u g h  t h e  t r p E  s u b u n i t  ( a t  pH 8 .0  a n d  i n  t h e  
p r e s e n c e  o f  MH4C1) c a n .  P a t e l  s i  a l .  (1 9 7 4 ) show ed
t h a t  t h e  B .p u m ilu s  t r p E  s u b u n i t  fo rm s  a n  a c t i v e  
a n t h r a n i l a t e  s y n t h e t a s e  c o m p le x  w i th  t h e  B .s u b t i l i s  
t rp G  s u b u n i t .  T hus m e a s u r in g  t h e  a m i d o t r a n s f e r a s e  
a c t i v i t y  i s  e q u i v a l e n t  t o  m e a s u r in g  t h e  a c t i v i t y  o f  t h e  
h y b r id  a n t h r a n i l a t e  s y n t h e t a s e  c o m p le x . The B .s u b t i l i s
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£ 0 2  r e c i p i e n t s  c h o s e n ,  BR151 ( i r p £ 2 ,  m etBlO . l y s - 3 ) .
E78 ( i ip £ 2 4 )  and  E78R ( t r p E 2 4 .  m t r ) . w ere  t r a n s f o rm e d  
e i t h e r  w i th  B .s u b t i l i s  chrom osom al DNA fro m  s t r a i n s  
NCTC3610 o r  W23, o r  p la s m id  pRR106, o r  w i th  b o th  
chrom osom al DNA a n d  p la s m id  (pR R 106). I t  h a s  b e e n  shown 
t h a t  t h e  en d o g en o u s  a m in o t r a n s f e r a s e  s u b u n i t  t r p E  o f  
B .s u b t i l i s  E78R f t r p E 2 4 .  m t r ) d o e s  n o t  com plex  w i th  t h e  
en d o g en o u s  trp G  s u b u n i t  (Kane and  H i l l ,  1 9 8 0 ) . S t r a i n  
BR151 was c h o s e n  b e c a u s e  i t  c o n t a i n s  an  i n t a c t  
chrom osom al t r p E  g e n e . I t  s e r v e s  a s  a  p o s i t i v e  c o n t r o l  
f o r  t h e  m easu rem en ts  o f  A Sase a c t i v i t y  i n  r e s p o n s e  t o  
t h e  p r e s e n c e  o r  a b s e n c e  o f  t r y p to p h a n .  S t r a i n s  E78 and  
E78R a r e  i s o g e n ic  t rp E  d e l e t i o n  m u ta n ts  (K ane, 1 9 7 7 ) . 
T h ese  s t r a i n s  s e r v e  a s  t r p E  m u ta n ts  f o r  t h e  m easu rem en ts  
o f  A Sase s p e c i f i c  a c t i v i t y  from  th e  B .p u m ilu s  t r p E /  
B .s u b t i l i s  tro G  co m p lex .
An a d d i t i o n a l  f e a t u r e  o f  s t r a i n  E78R, i s  i t s  
m tr  m u ta t io n .  T h is  s t r a i n  s e r v e s  t h e  p u rp o se  o f  a  
r e g u l a t o r y  m u ta n t .  The m tr  g en e  i s  b e l i e v e d  t o  co d e  
f o r  t h e  T rp  a p o r e p r e s s o r . B a c i l l i  s t r a i n s  c a r r y i n g  
t h e  m tr  m u ta t io n  c o n s t i t u t i v e l y  p ro d u c e  t h e  enzym es o f  
t h e  t r y p to p h a n  o p e ro n  r e g a r d l e s s  o f  t h e  t r y p to p h a n  
a v a i l a b i l i t y  i n  t h e  c e l l .  A Sase s p e c i f i c  a c t i v i t y
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m e a su re m e n ts  o f  t r a n s f o r m e d  BR151, E 78 , a n d  E78R i n  
r e s p o n s e  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  t r y p to p h a n /  a n d  
i n  t h e  p r e s e n c e  o f  t h e  t r y p to p h a n  a n a lo g u e  3 - i n d o l y a c r y l i c  
a c i d  (IAA) a r e  show n i n  T a b le  V I r V I I ,  a n d  V I I I .  The 
a n a lo g u e  3 - i n d o l y a c r y l i c  a c i d  (IAA) i s  c a p a b le  o f  
p r o lo n g in g  t h e  1 /2  l i f e  o f  t h e  t r y p to p h a n  m e ssa g e  i n  £ .  
c o l i  (M orse fi£  s i . ,  1 9 6 9 ) .  H e r s h f i e l d  fit. A l . ,  (1 9 7 4 ) u s e d  
IAA t o  show c o m p le te  d e p r e s s i o n  o f  a l l  p la s m id  d e r i v e d  
c o p i e s  o f  t r y p to p h a n  s y n t h e t i c  enzym es i n  E . c o l i . W here­
a s  s t u d i e s  b y  N a g a h a r i  f i t  a l . , (1 9 7 7 ) show ed t h a t  t h e  
r e p r e s s i o n  s t a t e  o f  t h e  h o s t  c e l l  h a d  a  g r e a t e r  e f f e c t  i n  
c o n t r o l l i n g  t r p  g e n e  e x p r e s s i o n  o v e r  t h e  e f f e c t s  o f  g e n e  
d o s a g e  and  d e r e p r e s s i o n  b y  IAA. I n  t h i s  s tu d y  IAA w as u s e d  
t o  d e te r m in e  w h e th e r  t h e  r e p r e s s i o n  s t a t e  o f  t h e  h o s t  c e l l  
w o u ld  h a v e  t h e  g r e a t e r  e f f e c t  i n  c o n t r o l l i n g  t r p E  g e n e  
e x p r e s s i o n  o r  w h e th e r  c o m p le te  d e r e p r e s s i o n  o f  a l l  p la s m id  
d e r i v e d  B .p u m ilu s  t r p E  g e n e  p r o d u c t  i s  o b t a i n a b l e .
The r e s u l t s  i n  T a b le  V I , V I I ,  an d  V I I I  c l e a r l y  
show  t h a t  s t r a i n s  t r a n s f o r m e d  w i th  ch ro m o so m al DNA h a v e  
t h e  e x p e c te d  r e s p o n s e  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  
t r y p to p h a n  a n d  t o  IAA. I n  o n e  c a s e  ( s e e  T a b le  V I I I  # 1 )
E78R w as a l s o  t r a n s f o r m e d  t o  t h e  w i ld  ty p e  w i th  r e s p e c t  
t o  i t s  s e n s i t i v i t y  t o  5-CH3- T r p .  T h is  i s  e n t i r e l y
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p o s s i b l e  s i n c e  t r a n s f o r m a t i o n  c r o s s e s  b e tw e e n  t r p  an d  
m tr  m u ta n ts  show ed t h e  tw o g e n e s  t o  b e  a p p r o x im a te ly  60 
map u n i t s  fro m  e a c h  o t h e r  (H och , 1 9 7 4 ) .  In  o t h e r  w o rd s , 
b o th  m a rk e rs  c a n  b e  c o t r a n s f o r m e d  40% o f  t h e  t i m e .  The 
tw o  o t h e r  E78R TrpE+ ch rom osom al t r a n s f o r m a n t s  shown i n  
T a b le  V I I I  (# 2  an d  # 3 )  r e t a i n e d  t h e  m tr  m u ta t io n  an d  
show ed l a c k  o f  A S ase  r e g u l a t i o n  i n  r e s p o n s e  t o  t r y p t o ­
p h a n  a v a i l a b i l i t y .  T h e re  i s  a  2 -3  f o l d  i n c r e a s e  i n  
A S ase s p e c i f i c  a c t i v i t y  in d u c e d  b y  IAA w hen t h e  t r p E  
g e n e  i s  p r e s e n t  i n  o n e  co p y  (T a b le  V I ) .
I n  E78/pR R106 a s  co m p ared  t o  E78R/pRR106 t h e r e  
a p p e a r s  t o  b e  r e g u l a t i o n  o f  A S ase a c t i v i t y  i n  r e s p o n s e  
t o  t r y p to p h a n  (T a b le  V II  an d  T a b le  V I I I ) .  Y e t i n  
E78/pR R 106 A S ase  i s  n o t  t o t a l l y  r e p r e s s e d  i n  t h e  
p r e s e n c e  o f  t r y p t o p h a n ,  n o r  t o t a l l y  d e r e p r e s s e d  i n  t h e  
p r e s e n c e  o f  IAA. I t  i s  n o t  e x p e c te d  f o r  A S ase i n  
E78R/pRR106 t o  r e s p o n d  t o  t r y p to p h a n  an d  y e t  some 
r e p r e s s i o n  seem s t o  b e  o c c u r r i n g .  B u t i t s  l a c k  o f  t o t a l  
d e r e p r e s s i o n  i n  t h e  p r e s e n c e  o f  IAA i s  u n e x p e c te d  s i n c e  
H e r s h f i e l d  a t  a l . ,  (1 9 7 4 ) s u g g e s te d  t h a t  i n  E .c o l i . IAA 
t o t a l l y  d e r e p r e s s e d  a l l  p la s m id  d e r i v e d  A S a se . P la s m id  
c o p y  num ber w as d e te r m in e d  t o  e s t i m a t e  t h e  num ber o f  
p la s m id s  i n  B .s u b t i l i s . By C s C l-E tB r  a n d  g e l  e l e c t r o -
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p h o r e s i s  20 t o  30 c o p ie s  o f  pRR106 w ere  fo u n d  i n  
B .s u b t i l i s  (T a b le  IX ; u n p u b l i s h e d  r e s u l t s  p r o v id e d  by 
M iriam  R e c h e s ) .  T h e r e f o r e , i f  a l l  p la s m id s  a r e  
t r a n s c r i b i n g  A Sase m e ssa g e  o n e  w o u ld  e x p e c t  a t  l e a s t  a  
20 t o  30 f o l d  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y .  No s u c h  
s i g n i f i c a n t  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  w as o b s e rv e d  
(T a b le  V I, V I I ,  a n d  V I I I ) .  A maximum 3 f o l d  i n c r e a s e  i n  
A Sase a c t i v i t y  r e l a t i v e  t o  t h e  d e r e p r e s s e d  l e v e l  was 
o b t a in e d  i n  s t r a i n s  t r a n s f o r m e d  w i th  chrom osom al DNA and  
p la s m id  pRR106 (T a b le  V I I  a n d  V I I I ) .  T h is  r e s u l t  i s  n o t  
h ig h e r  th a n  t h a t  o b s e rv e d  w i th  BR151 c o n t a i n i n g  p la s m id  
pRR106 i n  t h e  p r e s e n c e  o f  IAA (T a b le  V I ) .  T h e se  r e s u l t s  
seem  t o  i n d i c a t e  t h a t  t h e  r e p r e s s i o n  sy s te m  o f  t h e  h o s t  
c e l l  i s  h ig h ly  e f f i c i e n t  e v e n  a t  h ig h  g en e  d o s a g e .
I t  i s  p o s s i b l e  t h a t  p a r t  o f  t h e  r e p r e s s i o n  
s y s te m  may i n d i r e c t l y  in v o lv e  t r p G .  s in c e  t h e  trp G  g en e  
i s  p r e s e n t  i n  o n ly  o n e  co p y  a n d  i t  i s  r e q u i r e d  f o r  t h e  
a m id o t r a n s f e r a s e  r e a c t i o n  o f  A S a se . A lth o u g h  t r pG i s  
n o t  r e g u l a t e d  by t r y p to p h a n  n o r  b y  th e  m tr  g en e  p r o d u c t ,  
i t  i s  r e g u l a t e d  by  t h e  g e n e  p r o d u c t s  o f  t h e  t r p E  and  
pabA l o c i .  An i n c r e a s e  i n  t r p E  g en e  p r o d u c t  i n c r e a s e s  
t r pG g e n e  p r o d u c t  i n  t h e  c e l l  (K an e , 1 9 7 7 ) . I t  i s  
p o s s i b l e  t h a t  t h e  am ount o f  t rp G  g e n e  p r o d u c t  made i s
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i n s u f f i c i e n t  t o  c o n t r i b u t e  t o  t h e  e x p e c te d  h ig h  l e v e l s  
o f  t h e  t r p E  g e n e  p r o d u c t  fro m  t h e  p la s m id /  a l t h o u g h  20 
t o  30 c o p i e s  o f  pRR106 a r e  p r e s e n t  i n  t h e  c e l l  a n d  
t h e o r e t i c a l l y  c a n  p r o d u c e  20 t o  30 c o p i e s  o f  t h e  t r p E  
g e n e  p r o d u c t .  The am o u n t t h a t  c a n  b e  a s s a y e d  w i th  t h e  
a m i d o t r a n s f e r a s e  r e a c t i o n  may b e  l i m i t e d  t o  t h e  am oun t 
o f  t h e  t rp G  g e n e  p r o d u c t  t h a t  i s  p r o d u c e d .  K ane a n d  H i l l  
(1 9 8 0 ) m e a s u re d  t h e  a m i n o t r a n s f e r a s e  a c t i v i t y  I t r p E ) 
a l o n e  ( w i th o u t  t r p G )  u s in g  t h e  s t r a i n  E78 c a r r y i n g  
i d e n t i c a l  p la s m id  p S L 1 0 3 . The l e v e l  t h e y  o b s e r v e d  o f  0 .2  
n a n o m o le s  o f  a n t h r a n i l a t e  fo rm e d  p e r  mg p r o t e i n  i n  t h e  
a b s e n c e  o f  t r y p t o p h a n  i s  w i t h i n  t h e  l e v e l  o b s e r v e d  b y  u s  
( T a b le  V I I ) .
A n o th e r  c o m p o n e n t o f  t h e  r e p r e s s i o n  s y s te m  may 
i n v o l v e  f e e d b a c k  i n h i b i t i o n  b y  t r y p t o p h a n  o n  A S a se . 
F e e d b a c k  i n h i b i t i o n  may a c c o u n t  f o r  some o f  t h e  o b s e r v e d  
t r y p t o p h a n  r e g u l a t i o n  o f  A S ase s p e c i f i c  a c t i v i t y  i n  t h e  
a b s e n c e  o f  t h e  t r p  p r o m o te r  an d  t h e  t r p L  r e g i o n  i n  
pRR106 (T a b le  V I I ) .  F e e d b a c k  i n h i b i t i o n  c a n n o t  b e  t h e  
s o l e  r e a s o n  f o r  t r y p t o p h a n  r e g u l a t i o n  o f  A S ase  i n  pRR106 
c o n t a i n i n g  c e l l s .  O th e r w is e  o n e  w o u ld  n o t  o b s e r v e  a n  
m tr  e f f e c t  on  t h e  s p e c i f i c  a c t i v i t y  o f  A S ase  a s  show n
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i n  T a b le  V I I I .  W here A S ase s p e c i f i c  a c t i v i t y  c o n t i n u e s  
t o  b e  m e a s u re d  i n  t h e  p r e s e n c e  o f  t r y p t o p h a n .
A n o th e r  a s p e c t  o f  t h e  h o s t  r e p r e s s i o n  s y s te m  
may i n v o l v e  t h e  s t a b i l i t y  o f  t h e  B .p u m ilu s  t r p  mRNA.
The f r a g m e n t  o f  t h e  B. p u m ilu s  t r p  o p e r o n  o n  pRR106 d o e s  
n o t  c o n t a i n  an y  t r p  o p e ro n  5 ' o r  3 ' s e q u e n c e s . T h e se  
s e q u e n c e s  h a v e  b e e n  shown t o  c o n t r i b u t e  t o  t h e  s t a b i l i t y  
o f  t h e  E . c o l i  t r p  mRNA d u r in g  t r y p t o p h a n  d e p r i v a t i o n  
( S c h l e s s i n g e r  f i t  f i l .*  1977 ; M o tt f i t  f i l  * r 1 9 8 5 ) .  To 
d a t e ,  i n  t h e  B a c i l l i  t h e  r o l e  o f  5 '  a n d  3 '  s e q u e n c e  
a n d  t h e i r  c o n t r i b u t i o n  t o  t h e  s t a b i l i t y  o f  t h e  t r p  
mRNA h a v e  n o t  b e e n  i n v e s t i g a t e d .  I f  b y  a n a lo g y  t o  
E . c o l i  t h e s e  s e q u e n c e s  a r e  i m p o r t a n t  t o  t h e  s t a b i l i t y  
o f  t h e  B a c i l l i  t r p  mRNA t h e n  i t  i s  l i k e l y  t h a t  a  
m a j o r i t y  o f  t h e  mRNA p ro d u c e d  fro m  pRR106 may b e  
d e g r a d e d  b e f o r e  i t  i s  t r a n s l a t e d .
The m tr  g e n e  p r o d u c t  h a s  a n  e f f e c t  on th e  
a m i d o t r a n s f e r a s e  r e a c t i o n  o f  t h e  h y b r id  a n t h r a n i l a t e  
s y n t h e t a s e  b y  i t s  s e n s i t i v i t y  t o  t h e  p r e s e n c e  o r  
a b s e n c e  o f  T rp  (T a b le  V I I )  a n d  by  i t s  c o n t in u e d  
s y n t h e s i s  i n  an  m tr  m u ta n t  (T a b le  V I I I ) .  S in c e  th e  
B .p u m ilu s  t r p  f r a g m e n t  on  pRR l06 d o e s  n o t  c o n t a i n  any  
o f  t h e  t r p  l e a d e r  s e q u e n c e ,  t h e  m tr  g e n e  p r o d u c t  may
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b e  h a v in g  a n  e f f e c t  o n  t h e  A S ase  p r o t e i n  o r  on  a n o t h e r  
a r e a  o f  t h e  t i p  mRNA. A num ber o f  d i r e c t  r e p e a t s  a r e  
b e l i e v e d  t o  b e  i n v o lv e d  i n  t h e  m tr  r e g u l a t i o n  o n  t h e  
B . s u b t i l i s  £ x c L  s e q u e n c e  (S h im o ts u  A l . /  1 9 8 6 ) .  T h e se  
r e p e a t s  w ere  s e a r c h e d  f o r  i n  t h e  B .p u m ilu s  t r p  s e q u e n c e s .  
O n ly  o n e  s u c h  s e q u e n c e  (A6A6AA) w as fo u n d  t w i c e  i n  t h e  
B .p u m ilu s  ££J2 s e q u e n c e  a t  n u c l e o t i d e  l o c a t i o n s  + 1 2 3 3 -1 2 3 8  
i n  t r p E  an d  a t  + 2 2 0 5 -2 2 1 0  i n  t r p D  ( F ig u r e  7 ) .  W h e th e r  
t h e y  a r e  in v o lv e d  i n  t h e  p r o c e s s  o f  m tr  r e g u l a t i o n  
r e m a in s  t o  b e  d e te r m in e d  b y  d e l e t i n g  t h e s e  s e q u e n c e s  a n d  
b y  f o l lo w in g  t h e  s u b s e q u e n t  m tr  e f f e c t .
H e t e r o l o g o u s  I n t e g r a t i o n
T r a n s f o r m a t io n  e f f i c i e n c y  o f  h e t e r o l o g o u s  DNA 
h a s  b e e n  u s e d  t o  m e a s u re  t h e  ta x o n o m ic  r e l a t i o n s h i p  
b e tw e e n  o rg a n is m s  (W ils o n  an d  Y oung , 1 9 7 2 ) .  T he f a c t o r s  
t h a t  i n f l u e n c e  t h e  m ech an ism  o f  f o r e i g n  DNA i n t e g r a t i o n  
i n  B .s u b t i l i s  h a s  b e e n  o f  i n t e r e s t  t o  s e v e r a l  
i n v e s t i g a t o r s  (Y oung , 1 9 8 3 ; H a r r i s - W a r r i c k  a n d  
L e t t e r b e r g ,  1 9 7 8 ) .  F o r  e x a m p le ,  % h o m o lo g y , l e n g t h ,  
c o n c e n t r a t i o n ,  an d  c o n f o r m a t io n  o f  f o r e i g n  DNA a s  w e l l
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a s  o t h e r  f a c t o r s  h av e  b een  p ro p o se d  t o  e f f e c t  i n t e g r a ­
t i o n .  W ith  t h e  a v a i l a b l e  DNA se q u e n c e  o f  th e  B .s u b t i l i s  
t r p  o p e ro n  (H enner a l . ,  1985) and  2 .7 3 3 k b  o f  th e  
B .p u m ilu s  £ r p  o p e ro n  (R iv a s  i l l . , 1990 and  t h i s  
t h e s i s ) ,  i t  may be  now p o s s i b l e  t o  d e s c r i b e  w hat i s  
o c c u r r in g  a t  t h e  m o le c u la r  l e v e l .  P r e s e n te d  i n  t h i s  
s e c t i o n  a r e  p r e l im in a r y  e x p e r im e n ts  a im ed  to w a rd  t h i s  
g o a l .
T ra n s fo rm a tio n  E f f i c i e n c i e s
Two i n t e g r a t i v e  p la s m id  d e r i v a t i v e s  o f  pJH lO l 
w ere  c o n s t r u c t e d  (F ig u re  11 and  1 2 ) .  P la sm id  pJH lO l i s  
a  b i f u n c t i o n a l  p la sm id  made o f  a  f u s io n  o f  pBR322 and 
pCR194 ( F e r r a r i  a l . ,  1 9 8 5 ). I t  c o n t a i n s  s in g l e  
r e s t r i c t i o n  s i t e s  i n  th e  ApR and  TcR g e n e s  t h a t  a r e  
s e l e c t a b l e  v i a  i n a c t i v a t i o n  by a  c lo n e d  f ra g m e n t.
P la sm id  pJH lO l can  i n t e g r a t e  i n t o  t h e  B .s u b t i l i s  
chromosome o n ly  i f  a  segm ent o f  hom ologous B .s u b t i l i s  
DNA i s  a v a i l a b l e .  The B .s u b t i l i s  c e l l s  a r e  s e l e c t e d  a s  
CmR t r a n s f o r m a n t s .  The o n ly  way t o  e x p r e s s  CmR i s  i f  t h e  
p la s m id  i n t e g r a t e s  i n t o  t h e  chrom osom e v i a  a  C am pbell­
l i k e  m echanism , i n  t h i s  c a s e  v i a  h e te r o lo g o u s
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r e c o m b in a t io n  p r o v id e d  b y  t h e  B .p u m ilu s  t r p  s e q u e n c e s .  
P la s m id  pM R lll c o n t a i n s  t h e  s e q u e n c e d  2 .7 3 3 -k b  EcoRI -  
H in d l l l  f ra g m e n t c lo n e d  i n t o  t h e  TcR g e n e . P la s m id  
pMR131 c o n t a i n s  t h e  0 .9 - k b  f ra g m e n t c lo n e d  i n  t h e  
o p p o s i t e  o r i e n t a t i o n  r e l a t i v e  t o  pM R lll a l s o  i n  t h e  TcR 
g e n e  ( F ig u r e  1 1 ) .  To i n c r e a s e  t h e  e f f i c i e n c i e s  o f  t h e  
p la s m id s  m u l t im e r ic  fo rm s  o f  b o th  p la s m id s  w ere  p ro d u c e d  
a s  s t a t e d  i n  m a t e r i a l s  a n d  m e th o d s . I t  w as r e p o r t e d  by 
C a n o s i a l . , (1 9 7 8 ) t h a t  m u l t im e r ic  fo rm s  o f  p la s m id  
a r e  r e q u i r e d  i n  o r d e r  t o  e f f i c i e n t l y  t r a n s f o r m  
B .s u b t i l i s  r e c i p i e n t s .  P la s m id  pRR106 g av e  t h e  e x p e c te d  
r e s u l t s  n a m e ly , i t  t r a n s f o r m e d  B .s u b t i l i s  t r p E .  £ ,  
an d  £  m u ta n ts  t o  KmR an d  Trp+ a t  n e a r l y  e q u a l  e f f i c i e n ­
c i e s  ( s e e  a l s o  T a b le  I I ;  T a b le  X ). I n t e g r a t i o n  o f  
p la s m id s  p M R lll a n d  pMR131 h a v e  b a r e l y  o c c u r r e d  a s  
d e m o n s tr a te d  by t h e  lo w  e f f i c i e n c y  o f  CmR t r a n s f o r m a n t s  
(1 -1 5  CmR t r a n s f o r m a n t s / m l ;  T a b le  X ). T h e se  t r a n s f o r m a n t s  
w ere  r a r e l y  Trp+. To i l l u s t r a t e  t h i s  phenom enon s e v e r a l  
CmR t r a n s f o r m a n t s  w e re  p ic k e d  an d  grow n i n  m in im a l m e d ia .  
The c u l t u r e s  d i d  n o t  g row  o v e r n ig h t  t o  f u l l  t u r b i d i t y .  
I n s t e a d  t h e r e  was l i g h t  g ro w th  i n  a l l  t u b e s .  T h e se  w ere  
s u b s e q u e n t ly  w ashed  2X i n  d i l u t i o n  s a l t s  and  s p o t - t e s t e d  
on  LB p l a t e s  c o n t a i n i n g  lO u g /m l Cm and  on m in im a l p l a t e s
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c o n t a i n i n g  h i s t i d i n e .  T he p h e n o ty p e s  o f  17 E 88 /p M R lll  
t r a n s f o r m a n t s  a r e  show n i n  T a b le  X I . T h e re  a p p e a r e d  t o  
b e  s e v e r a l  t r p  <+M c o l o n i e s .  A s i m i l a r  r e s u l t  w as 
o b t a i n e d  f o r  17 B D 170 /pM R lll t r a n s f o r m a n t s .  O n ly  1 o u t  
o f  17 CmR t r a n s f o r m a n t s  w as Trp+ i n  e a c h  r e c i p i e n t  
s t r a i n .  T h e se  r e s u l t s  i n d i c a t e  t h a t  t h e  r a r e  p M R lll 
B .s u b t i l i s  i n t e g r a n t  i s  v e r y  u n s t a b l e  a n d  m ade u p  o f  a  
m ix ed  p o p u l a t i o n .  P la s m id  p M R lll t r a n s f o r m e d  s t r a i n s  E88 
(£ ip E 4 6 , h i s £ 2 )  a n d  DB83 ( i£ E f i2 ) ,  t o  Trp+ a t  v e r y  low  
e f f i c i e n c i e s :  30 a n d  115 t r a n s f o r m a n t s / m l , r e s p e c t i v e l y ,  
(T a b le  X ) . I n  DB83 t h e  Trp+ t r a n s f o r m a n t s  w e re  o f  s m a l l  
c o lo n y  s i z e  i n d i c a t i n g  s lo w  g ro w th .  I n  BD170 ( t r p C 2 . t h r -
5 ) an d  T12 ( t r p F ! 2 ) n o  Trp+ t r a n s f o r m a n t s  w e re  o b t a i n e d .  
The lo w  p r im a r y  Trp+ t r a n s f o r m a n t s  o f  E88 a n d  DB83 may 
i n d i c a t e  t h a t  t h e y  a r e  t h e  r e s u l t  o f  a  s p o n ta n e o u s  
r e v e r s i o n .  S in c e  b o th  o f  t h e s e  s t r a i n s  a r e  known t o  b e  
r e v e r t i b l e  ( C a r l t o n  a n d  W h i t t ,  1 9 6 9 ) .
C hrom osom al DNA w as p r e p a r e d  fro m  2 t r a n s ­
fo rm a n ts  o f  s t r a i n  E88 o n e  CmR Trp+ a n d  t h e  o t h e r  CmR 
t r p - d e s i g n a t e d  MR188 a n d  MR189, r e s p e c t i v e l y .  T he DNAs 
w e re  a n a ly z e d  b i o l o g i c a l l y  i n  t r a n s f o r m a t i o n  a s s a y s  a n d  
p h y s i c a l l y  b y  S o u th e r n  b l o t t i n g .
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To t e s t  w h e th e r  t h e  i n t e g r a t e d  B .p u m ilu s  t r p  
f ra g m e n t i s  i n t a c t  and  l i n k e d  t o  CmR, i n t e g r a n t  TrpE+
DNA (MR188; E 8 8 /p M R lll)  w as u s e d  t o  t r a n s f o r m  th e  
o r i g i n a l  p a r e n t a l  B .s u b t i l i s  r e c i p i e n t  (E 8 8 ) . F o r  
c o m p a riso n  DNA fro m  a  t r p E -  i n t e g r a n t  (MR189; E 8 8 /p M R lll)  
was a l s o  t e s t e d .  The CmR c h a r a c t e r  o f  b o th  DNAs was 
t r a n s f e r r e d  a t  1 /1 0  t h e  e f f i c i e n c y  o f  p r o to t r o p h i c  
hom ologous DNA (NCTC3610; T a b le  X I I ) .  T h e re  was no 
d i f f e r e n c e  i n  th e  e f f i c i e n c y  o f  Trp-1- t r a n s f o r m a n t s  
b e tw een  NCTC3610 and  MR188 DNA. Upon r e p l i c a  p l a t i n g  
p r im a ry  CmR t r a n s f o r m a n t s ,  o n ly  a  few  show ed th e  Trp+ 
c h a r a c t e r .  F o r e x am p le , 22 o f  68 CmR t r a n s f o r m a n ts  w ere  
a l s o  Trp+ (T a b le  X I I ) .  T h e se  r e s u l t s  may i n d i c a t e  t h a t  
i n  some o f  t h e s e  t r a n s f o r m a n t s  o n ly  a  s m a l l  seg m en t o f  
t h e  B .p u m ilu s  t r p  s e q u e n c e s  f a c i l i t a t e d  t h e  i n t e g r a t i o n .  
A n o th e r  p o s s i b i l i t y  i s  t h a t  p a r t  o f  t h e  i n t e g r a t e d  t r p  
s e q u e n c e s  w ere  d e l e t e d  o r  r e a r r a n g e d  so  t h a t  i t  c an  no 
lo n g e r  b e  e x p r e s s e d .  S o u th e rn  a n a l y s i s  o f  MR188 DNA show 
t h a t  B .p u m ilu s  t r p  s e q u e n c e s  i n t e g r a t e d  i n t o  th e  
B .s u b t i l i s  chrom osom e ( F ig u r e  13 ; s e e  b e lo w ) .  W hether 
a l l  o r  a  p o r t i o n  o f  t h e  2 .7 3 3 -k b  was i n t e g r a t e d  re m a in s  
t o  b e  d e te rm in e d .
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H a r r is -W a r r ic k  and  L e t t e r b e r g  (1 9 7 8 ) , 
c a l c u l a t e d  a  minimum le n g th  o f  3.0x106 d a l to n s  (40 kb) 
o f  h e te r o lo g o u s  DNA from  B .a l o b i q i i  was r e q u i r e d  t o  
f a c i l i t a t e  i n t e g r a t i o n .  In  o u r  s t u d i e s ,  0 .9 -k b  and 
2 .7 3 3 -k b  w i th  66% hom ology on a  p la sm id  w ere  h a r d ly  a b le  
t o  f a c i l i t a t e  i n t e g r a t i o n  (T a b le s  X, X I, and  X I I ) .  T h is  
c o n c lu s io n  i s  b a s e d  on th e  low  t r a n s f o r m a t io n  e f f i c i e n c i e s  
o f  s e q u e n c e s  from  B .p u m ilu s  com pared  t o  hom ologous 
B .s u b t i l i s  s e q u e n c e s  i n  pJH lO l (La F a u c i £& a l . , 1986; 
J a r v i s  a t  a1>* 1 9 8 8 ) . In  t h e  i n t e g r a t e d  s t a t e  th e  
B .p u m ilu s  t r p  s e q u e n c e s  a r e  e i t h e r  n o t  t o t a l l y  p r e s e n t  
o r  a r e  u n a b le  t o  e x p r e s s .  In  pJH lO l d e r i v a t i v e s  w ith  
hom ologous l e u c in e  f ra g m e n ts  t h i s  was n o t  th e  c a s e ,  b o th  
m a rk e rs  w ere  n e a r ly  100% c o tr a n s fo rm e d . T h e re f o re ,  
t r a n s f o r m a t io n  e f f i c i e n c y  v i a  h e te r o lo g o u s  i n t e g r a t i o n  
may be l i m i t e d  by th e  s i z e  o f  th e  d o n o r DNA, n o t  b e c a u s e  
a l a r g e r  p ie c e  i s  r e q u i r e d  t o  f a c i l i t a t e  th e  i n t e g r a t i o n  
e v e n t  (pM R lll and  pMR131), b u t  b e c a u se  a  l a r g e r  p ie c e  
i s  r e q u i r e d  t o  c a r r y  a  c o m p le te  f o r e ig n  g en e  f o r  e f f i c i e n t  
e x p r e s s io n .
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S o u th e rn  A n a ly s i s  o f  an  I n t e g r a t i o n  E v e n t
To g a in  i n s i g h t  i n t o  t h e  n a t u r e  o f  an  i n t e g r a ­
t i o n  e v e n t ,  DNAs MR188 an d  MR189 w e re  r e s t r i c t e d  w i th  
H ind l l l  a n d  s u b j e c t e d  t o  S o u th e rn  A n a l y s i s .  I f  t h e  
i n t e g r a t i o n  e v e n t  o c c u r r e d  v i a  a  C a m p b e l l - l ik e  
m ech an ism , t h e n  r e s t r i c t i o n  a n a l y s i s  s h o u ld  g e n e r a t e  
p r e d i c t a b l e  b an d  s i z e s  o n  S o u th e rn  b l o t s .  F o r  i n s t a n c e  
i t  i s  known t h a t  i n  t h e  t r p  o p e ro n  o f  B .s u b t i l i s  t h e r e  
a r e  3 H ind i I I  s i t e s  (H en n e r fi£. a l . , 1 9 8 5 ) .  A 4 .2 - k b  
H ind i ! I  f ra g m e n t  c a n  b e  g e n e r a t e d  c o n t a i n i n g  t h e  
± £B E /J2r£r£  an d  5 ' t r p B  g e n e s .  To v e r i f y  t h e  4 .2 - k b  
b a n d , t h e  p a r e n t a l  an d  i n t e g r a n t  DNA w ere  p ro b e d  w i th  
B .s u b t i l i s  s e q u e n c e s  ( F ig u r e  1 3 ) .  The p a r e n t a l  DNA 
( p r i o r  t o  p la s m id  i n t e g r a t i o n )  a r e  shown i n  F ig u r e  13 A. 
P a r e n t a l  s t r a i n s  l i k e  BD170 o r  t h e  p r o t o t r o p h  NCTC3610 
e x h i b i t e d  t h e  4 .2 - k b  b a n d  w h i l e  s t r a i n  E88 show ed a
6 .0 - k b  b a n d . A ssum ing  t h e  H in d l l l  s i t e  i n  t r p E  i s  
a b s e n t  i n  E88 an d  t h e  p la s m id  p M R lll f i n d s  p a r t i a l  
hom ology an d  i n t e g r a t e s  i n t o  t h e  t r p E  g e n e ,  t h e n  t h e  
p r e d i c t e d  b a n d s  i n  a  H in d l l l  d i g e s t  s h o u ld  b e  5 .7  kb 
a n d  8 .4  kb  ( F ig u r e  1 4 ) .  I n  t h e  c a s e  o f  MR188 DNA, a
6 .0 - k b  an d  8 .2 - k b  h y b r id i z e d  t o  p r o b e  pTrp-H 3B2 an d  i s
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i n  good  a g re e m e n t w i th  t h e  p r e d i c t e d  s i z e s  ( F ig u r e  13 B ) . 
However w ith  M13mp 1 9 - 2 .7 -k b  a s  p ro b e  8 .2 -k b  an d  1 1 .1 -k b  
b a n d s  a r e  o b s e rv e d  ( F ig u r e  13 C ) . W ith  p JH lO l a s  
p ro b e  o n ly  t h e  8 .4 -k b  s h o u ld  b e  o b s e rv e d  ( F ig u r e  1 4 ) .  
A gain  t h e  a p p a r e n t  same s i z e  b a n d s  o b s e rv e d  w i th  
M 1 3 m p l9 -2 .7 -k b  ( 8 .2 - k b  an d  1 1 .1 -k b )  h y b r id iz e d  t o  
p JH lO l ( F ig u r e  13 D ). A s im p le  m odel b a s e d  on a  
C a m p b e l l - l ik e  i n t e g r a t i o n  w i th  a  monomermic fo rm  o f  
t h e  p la s m ic  c a n n o t  a c c o u n t  f o r  t h e  o b s e rv e d  r e s u l t s  
from  S o u th e rn  a n a l y s i s .  N or c a n  t h e  o b s e rv e d  b a n d s  b e  
e x p la in e d  by  t h e  i n t e g r a t i o n  o f  a  l i n e a r  p la s m id  b y  a  
d o u b le  c r o s s o v e r  e v e n t .  A d d i t i o n a l  r e s t r i c t i o n  a n a l y s i s  
w i th  a n o th e r  enzym e l i k e  B e l l i  (B2) may g iv e  in f o r m a t io n  
a s  t o  w h at o c c u r r e d  on  t h e  m o le c u la r  l e v e l .  A d d i t i o n a l l y ,  
p la s m id s  r e s c u e d  fro m  i n t e g r a n t  chrom osom al DNA by 
r e s t r i c t i o n  w i th  EcoRI  f o r  5 ' s e q u e n c e s  and  by  H in d l l l  
f o r  3 ' s e q u e n c e s ,  an d  a  s e q u e n c e  d e te r m in a t io n  o f  t h e  
r e s c u e d  s e q u e n c e s  w ould  l e a d  t o  an  u n d e r s ta n d in g  o f  t h e  
m o le c u la r  e v e n t s  t h a t  o c c u r r e d  d u r in g  th e  h e te r o lo g o u s  
i n t e g r a t i o n  e v e n t .
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C o n c lu d in g  R em arks a n d  Summary
The c o m p a r a t iv e  e v a l u a t i o n  o f  t h e  DNA s e q u e n c e  
o f  t h e  t r y p t o p h a n  o p e ro n  o f  B . p u m ilu s  t o  i t s  r e l a t i v e  
B .s u b t i l i s  h a s  r e v e a l e d  t h a t  a  d i f f e r e n c e  o f  33% (66% 
h om ology) i s  en o u g h  t o  p r e s e n t  a  b a r r i e r  t o  h e t e r o l o g o u s  
i n t e g r a t i o n  a s  m e a s u re d  b y  lo w  t r a n s f o r m a t i o n  e f f i c i e n c i e s .  
T h e se  low  t r a n s f o r m a t i o n  e f f i c i e n c i e s  may b e  d u e  t o  t h e  
a b s e n c e  o f  a  c o m p le te  f o r e i g n  g e n e  t h a t  may b e  n e e d e d  
f o r  e f f i c i e n t  e x p r e s s i o n .  S o u th e r n  a n a l y s i s  o f  a  s i n g l e  
i n t e g r a t i o n  e v e n t  (MR188; F ig u r e  13) i n d i c a t e s  t h a t  i t  
c a n n o t  b e  e x p l a i n e d  b y  a  C a m p b e l l - l i k e  o r  b y  a  d o u b le  
c r o s s o v e r  m ech an ism  o f  a  m onom erm ic p la s m id .  A d d i t i o n a l  
a n a l y s i s  o f  t h i s  a n d  o t h e r  i n t e g r a t i o n  e v e n t s  may u n c o v e r  
t h e  s t r u c t u r e  o f  t h e  p la s m id  a n d / o r  w h e th e r  a  d i f f e r e n t  
m ech an ism  o f  h e t e r o l o g o u s  i n t e g r a t i o n  h ad  o c c u r r e d .
T h e re  a r e  a  num ber o f  s i m i l a r  c h a r a c t e r i s t i c s  
b e tw e e n  t h e  tw o s p e c i e s  t h a t  h a v e  b e e n  r e t a i n e d  th r o u g h  
t h e i r  d iv e r g e n c e  a s  tw o s e p a r a t e  s p e c i e s .  B o th  r e g u l a t e  
t r p  o p e ro n  e x p r e s s i o n  b y  t r a n s c r i p t  a t t e n u a t i o n  
(S h im o ts u  f l l . r  1 9 8 6 ; K uroda s i  1 9 8 6 ) .  O v e r -
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l a p p in g  o f  t r a n s l a t i o n a l  s t a r t  an d  s to p  s i g n a l s  f o r  
t h e  t r p E . t rp D . an d  trp C  g e n e s  w ere  fo u n d  f o r  b o th  and  
may i n d i c a t e  a  r o l e  f o r  t r a n s l a t i o n a l  c o u p l in g  i n  t h e  
t r p  o p e ro n  o f  b o th  s p e c i e s .  The g e n e  c l u s t e r  f o r  p u r in e  
b i o s y n t h e s i s  i n  B .s u b t i l i s  a l s o  a p p e a r s  t o  b e  t r a n s -  
l a t i o n a l l y  c o u p le d  ( Z a lk in  an d  E b b o le , 1 9 8 8 ) . T ra n s -  
s l a t i o n a l  c o u p l in g  a p p e a r s  t o  b e  a  g e n e r a l  m echanism  
w hose r o l e  may b e  t o  i n s u r e  a  1 :1  s to i c h io m e t r y  f o r  
p r o t e i n s  p ro d u c e d  from  a  m o n o c is t r o n ic  m essag e  and  n o t  
j u s t  a s  a  s i n g l e  o b s e r v a t io n  made i n  t h e  E .c o l i  t r p  
o p e ro n  (O ppenheim  an d  Y an o fsk y , 1 9 8 0 ) .
The p r o t e i n  s e q u e n c e s  show  t h a t  c e r t a i n  am ino 
a c i d s  r e s i d u e s  w h ich  a r e  im p o r ta n t  e i t h e r  f o r  f u n c t io n  o r  
s t r u c t u r e  h av e  b e en  c o n s e rv e d .  T h is  c o n s e r v a t io n  i s  n o t  
j u s t  b e tw e en  r e l a t e d  s p e c ie s  b u t  b e tw e e n  u n r e l a t e d  
o rg a n ism s  a s  w e l l .  F o r  exam ple  t h e  s e q u e n c e  LLES i n  
t r p E  i s  b e l i e v e d  t o  be  t h e  s i t e  f o r  f e e d b a c k  i n h i b i t i o n  
an d  f o r  t h e  m£JC m u ta t io n  i n  B. la c to fe rm e n tu m  (M a tsu i 
e t  & 1 ., 1 9 8 7 ) . The same may b e  t r u e  i n  B .p u m ilu s  and  
B .s u b t i l i s  and  c a n  be  e a s i l y  t e s t e d  by s i t e  d i r e c t e d  
m u ta g e n e s is  and  t h e  s u b s e q u e n t  t r y p to p h a n  i n s e n s i t i v i t y  
o f  th e  a s s a y e d  A S ase . The c o n s e rv e d  am ino a c i d  se q u e n c e  
shown i n  F ig u re  10 C f o r  trp D  i s  t h e  same se q u e n c e
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r e p o r t e d  t o  b e  im p o r ta n t  f o r  p r o t e i n  k in a s e  f u n c t i o n  
( T a y lo r  s £  a l . , 1 9 9 0 ) . A lth o u g h  t h e  trp D  g en e  p r o d u c t  
i s  n o t  b e l i e v e d  t o  b e  a  k i n a s e ,  c o n s e r v a t io n  o f  t h i s  
am ino  a c i d  s e q u e n c e  may b e  im p o r ta n t  f o r  p r o t e i n s  
in v o lv e d  i n  p h o s p h a te  t r a n s f e r  i n  g e n e r a l  an d  h a v e  
b e e n  c o n s e rv e d  f ro m  p r o c a r y o t i c  t o  e u c a r y o t i c  o r g a n is m s .
The d e t e c t i o n  o f  an  i n t e r n a l  p ro m o te r  i n  t h e  
t r y p to p h a n  o p e ro n  o f  B .p u m ilu s  b y  g e n e t i c  m eans a w a i t s  
f u r t h e r  v e r i f i c a t i o n  th ro u g h  S I n u c le a s e  a n a l y s i s .  I f  
o n e  o f  t h e  tw o  c o n s e n s u s  p ro m o te r  s e q u e n c e s  i n  t h e  t r p E  
g e n e  d o e s  f u n c t io n  i n  v i v o , i t  w ould  h av e  t o  t a k e  i n t o  
a c c o u n t  t h e  l a c k  o f  e x p r e s s io n  o f  t h e  g en e  im m e d ia te ly  
f o l lo w in g  i t  ( th e  trp D  g e n e ) .  T r a n s l a t i o n a l  c o u p l in g  
may b e  r e s p o n s i b l e  f o r  i t s  l a c k  o f  e x p r e s s io n .  As 
s t a t e d  by  Z a lk in  an d  E b b o le  (1 9 8 8 ) t h e r e  a p p e a r s  t o  b e  
tw o p r im a ry  r e q u i r e m e n ts  f o r  t r a n s l a t i o n a l  c o u p l in g .
One i s  t h a t  t h e  u p s tr e a m  g en e  s h o u ld  t e r m i n a t e  w i t h i n  
o r  s l i g h t l y  b ey o n d  th e  i n i t i a t i o n  r e g io n  o f  t h e  down­
s t r e a m  g e n e . Two, t h e  r ib o so m e  b in d in g  s i t e  i s  r e q u i r e d  
f o r  h ig h  l e v e l  c o u p le d  t r a n s l a t i o n .  I f  t h e  t r p  mRNA i s  
n o t  t r a n s l a t e d  i t  w i l l  f o l d  up  t o  a c h ie v e  i t s  lo w e s t  
e n e rg y  c o n f o r m a t io n .  The f o l d i n g  o f  t h e  mRNA o b s c u r e s  
t h e  r ib o so m e  b in d in g  s i t e  f o r  t h e  trp D  g en e  ( d a t a  n o t
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r e p r e s e n t e d ) .  The m ovem ent o f  t h e  t r a n s l a t i n g  r ib o so m e  
may unm ask t h e  RBS f o r  t rp D  a l lo w in g  f o r  i t s  e x p r e s s io n  
w h e re a s  l a c k  o f  t r a n s l a t i o n  m akes i t  u n a v a i l a b l e  f o r  
trp D  e x p r e s s i o n .  T h is  i s  a  p o s s i b l e  e x p la n a t io n  t h a t  
c a n  b e  t e s t e d  by s p e c i f i c  m u t a t i o n a l  m a n ip u la t io n  on th e  
now known s e q u e n c e  o f  t h e  t r p E . t r p D .  an d  5 ' t rp C  g e n e s  
o f  B .p u m i lu s . F o r  i n s t a n c e  s e q u e n c e s  s u s p e c te d  a s  
c o n t r i b u t o r s  t o  t h e  m a sk in g  ( v i a  h y d ro g e n  b o n d in g )  o f  
t h e  t rp D  RBS c a n  b e  c h a n g e d  so  t h a t  t h e  RBS i s  no 
lo n g e r  m ask ed . A f t e r  i n  v i t r o  m u ta tg e n e s i s ,  one  
s h o u ld  b e  a b l e  t o  a s s a y  f o r  t h e  e x p r e s s io n  o f  t rp D  i n  
a  pRR103 o r i e n t a t i o n .  W ith  t h e  now a v a i l a b l e  t r a n s ­
l a t i o n a l  f u s io n  c l o n i n g  v e c t o r  pDH32 d e r iv e d  fro m  
p t r p I G I  (S h im o tsu  a n d  H en n e r, 1986) t h e  5 0 4 -b p  EcoRI -  
B f i l l  f r a g m e n t  t e s t e d  i n  E .c o l i  c a n  now b e  t e s t e d  i n  
B .s u b t i l i s .
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In  Summary t h e  S t u d ie s  Show ed;
1) The trpEDC an d  p a r t  o f  £ ip E  o f  t h e  B .p u m ilu s  t r p  
o p e ro n  was c lo n e d  i n t o  pUBllO i n  b o th  o r i e n t a t i o n s .
2) I n  B .s u b t i l i s  t h e  tw o p la s m id s ,  pRR106 an d  pR R l03 , 
b e h a v e  d i f f e r e n t l y  w i th  r e s p e c t  t o  t h e i r  e x p r e s s io n  
i n  I>, an d  £  r e c i p i e n t s .
3) The tw o p la s m id s ,  pRRl06 an d  pRR103 b e h a v e  
i d e n t i c a l l y  i n  t r p C  r e c i p i e n t s  i n d i c a t i n g  t h e  
p r e s e n c e  o f  an  i n t e r n a l  p r o m o te r .
4) The se q u e n c e  o f  t r p E .  I>, a n d  5 ’trp C  g e n e s  o f  
B .p u m ilu s  w as d e te r m in e d .
5) A 66% hom ology e x i s t  b e tw e e n  t h e  t r p E . £ ,  and  
5 ',lKP-C g e n e s  o f  B .p u m ilu s  a n d  B .s u b t i l i s .
6) Two RBS s i t e s  w ere  l o c a l i z e d  u p s tr e a m  t o  t h e  
B .p u m ilu s  trp D  a n d  t rp C  g e n e s .
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7) By hom ology  t o  o t h e r  B . s u b t i l i s  p r o m o te r s /  
t h r e e  p o s s i b l e  p r o m o te r s  w ere  i d e n t i f i e d  i n  t h e  
s t r u c t u r a l  s e q u e n c e  o f  t r p E .
8) P ro m o te r  a c t i v i t y  i s  p r e s e n t  i n  a  504 b p  EcoR I -  
B c l l  o f  t r p E  b y  i t s  a b i l i t y  t o  t u r n  on  a  
p r o m o to r l e s s  la c Z  g e n e  i n  E .c o l i  an d  w as 
i n s e n s i t i v e  t o  t h e  p r e s e n c e  o f  t r y p t o p h a n  a n d  
IPTG.
9) B etw een  t h e  B .p u m ilu s  a n d  B .s u b t i l i s
t r pD a n d  5 1t r p C  g e n e s  t h e r e  a r e  6 8 / 6 2 / a n d  65% 
am ino  a c i d s  i d e n t i t y /  r e s p e c t i v e l y .
10) The am in o  a c i d  s i m i l a r i t y  b e tw e e n  t h e  B .p u m ilu s  
a n d  B .s u b t i l i s  t r p E , jfcyp P  an d  5 1t rp C  g e n e s  
t h e r e  a r e  7 9 , 7 6 , an d  72%, r e s p e c t i v e l y .
11) B e tw een  t h e  tw o  B a c i l l i  an d  E . c o l i  t h e r e  i s  an  
a v e r a g e  o f  55% am in o  a c i d  s i m i l a r i t y  f o r  t h e  t r p E .  
t rp D  a n d  5 1t r p C  g e n e s  a n d  o n ly  a  t h i r d  o f  t h e  
am ino  a c i d s  a r e  e x a c t l y  a l i k e .
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12) The s e q u e n c e  o f  LLES b e l i e v e d  t o  b e  n e c e s s a r y  f o r  
f e e d b a c k  i n h i b i t i o n  i n  B . la c to f e rm e n tu m  was a l s o  
i d e n t i f i e d  i n  t h e  B .p u m ilu s  t r p E  g e n e  p r o d u c t .
13) I n  t h e  am ino a c i d  s e q u e n c e  o f  t rp D  a  c o n s e n s u s  
A T P -b in d in g  s i t e  w as i d e n t i f i e d  by  i t s  i d e n t i t y  
t o  o t h e r  A T P -b in d in g  s i t e s  i n  p r o t e i n  k i n a s e s .
14) The r e l a t i v e l y  h ig h  co p y  num er (2 0 -3 2 )  o f  th e  
c lo n e d  B .p u m ilu s  t r p  f ra g m e n t  d id  n o t  r e s u l t  
i n  t h e  o v e r - p r o d u c t io n  o f  t h e  enzym e 
a n t h r a n i l a t e  s y n t h e t a s e .
15) The t r y p to p h a n  a n a lo g u e ,  3 - i n d o l y a c r y l i c  a c id  
(IAA) c a u s e d  a  2 -3  f o l d  i n c r e a s e  i n  enzym e 
a c t i v i t y .
16) The e f f e c t  o f  t h e  m tr  g e n e  on  t h e  a n t h r a n i l a t e  
s y n th e t a s e  a c t i v i t y  i n d i c a t e d  t h a t  i t  may a c t  on 
o t h e r  r e g io n s  b e s id e s  t h e  B .p u m ilu s  i r p L  r e g io n .
17) The 2 .7 3 3 -k b  an d  0 .9 - k b  B .p u m ilu s  t r p  f ra g m e n ts  
c lo n e d  i n t o  t h e  i n t e g r a b l e  p la s m id  p JH lO l b a r e l y  
f a c i l i t a t e d  i n t e g r a t i o n  i n t o  t h e  B .s u b t i l i s
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chrom osom e a s  show n by  lo w  t r a n s f o r m a t i o n  
e f f i c i e n c i e s .
18) The g e n e r a t i o n  o f  odd  p a t t e r n s  o f  DNA on S o u th e rn  
b l o t s  c o u ld  n o t  b e  e x p l a i n e d  b y  a  t r a d i t i o n a l  
C a m p b e l l - l ik e  i n t e g r a t i o n .
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Table I
A. B a c t e r i a l  S t r a i n s
G en o ty p e
B .o u m ilu s
RUB502 i2i<2r R i f R# EryR , S t r R
Bp503 trp C
Bp8Al h i s
B . s u b t i l i s b
E78 trp E 2 4
E78R t r p E 2 4 , m tr
E88 i£ B £ 4 6 , h isH 2
DB83 trp P 2
BD170 t r p C 2 , th rA 5
SB25 t r p C 2 / h isH 2
BR151 trp_C2. m etB 10f l y ? - 3
T12 t r p f i 2
W23 S trR
NCTC3610 p r o t o t r o p h
H e te r o lo g o u s  i n t e g r a n t s
MR188 E 8 8 ::p M R ll l ,  h isH 2 . CmR
MR189 E 8 8 : tp M R ll l ,  t r p E 46
h is H 2 . CmR
E .c o l i
HB101
JM101
7 1 -1 8
h sd S 2 0 , re c A 1 3 . a r o - 1 4 .  
p roA 2 , la c Y l , g a !K 2 . 
rp L 2 0 , x y l - 5 , m t l - 1 . 
supE 44
f t h i l , 
su p E . < F 't r a D 3 6 . ProAB+, 
l a c l q . Z M15)
(lag-proftB)/ thil,
su p E . ( F ’ ProAB+, l a c l q . 
Z M15)
S o u rc e
F .E .  Young 
P .S .  L o v e t t  
P . S . L o v e t t
J . Kane 
J . Kane 
P . S . L o v e t t  
D. H. Dean 
D. Dubnau 
D. Dubnau 
R. Y a sb in  
P . S . L o v e t t  
BGSCa
A. S o n e n s h e in
T h is  s tu d y  
T h is  s tu d y
K. B o t t
E . Dubnau
C. S q u i r e s
Continuation of Table I
B. R eco m b in an t p la s m id s
pUBllO KmR D. D ubnau
pRR106 B .p u m ilu s  TrpEDCF, KmR R. R u d n er
pRR103 B .p u m ilu s  TrpFCDE, KmR T h is  s tu d y
p JH lO l TcRf ApR, CmR K. B o t t
pSK10A6 ApR, p ro m o to r  l e s s  l a c Z  E . Dubnau
p M R lll B .p u m ilu s  TrpEDC, ApR, TcR T h is  s tu d y
pMR131 B .p u m ilu s  T rpC F , ApR, TcR T h is  s tu d y
pMR500 B .p u m ilu s  T rp E , ApR, LacZ+ T h is  s tu d y
pTrpH3B2 B .s u b t i l i s  TrpED , ApR, CmR BGSCa
« B a c i l l u s  G e n e t ic s  S to c k  C e n t e r ,  C o lum bus, O hio  
*> S t r a i n s  E78 t o  T12 w ere  u s e d  f o r  p la s m id s  pRR106 an d  
pRR103 t r a n s f o r m a t i o n s ,  s e e  t e x t  f o r  d e t a i l s .
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T a b le  I I :  * The B .s u b t i l u s  r e c i p i e n t s  w ere  made c o m p e te n t 
by  t h e  m ethod  o f  A n a g n o s to p o u lo s  an d  S p iz iz e n  (1 9 6 1 ) a s  
m o d if ie d  by R udner s t  & 1-/ (1 9 6 7 ) .  S e l e c t i o n  f o r  KmR 
t r a n s f o r m a n t s  was on LB a g a r  p l a t e s  su p p le m e n te d  w i th  10 
ug  Km/ml. S e l e c t i o n  f o r  t r p  p r o to t r o p h y  w as on  m in im a l 
p l a t e s  s u p p le m e n te d  w ith  t h e  a p p r o p r i a t e  am ino  a c i d  a t  
100 u g /m l.
b C o tr a n s f o r m a t io n  f re q u e n c y  (%) w as d e te rm in e d  
by  r e p l i c a  p l a t i n g .  P l a t e s  w ere  s c o re d  a f t e r  24 h o u rs  o f  
in c u b a t io n  a t  37<>C.
N.A. N ot a p p l i c a b l e .
Table II
T ra n s fo rm in g  a c t i v i t i e s  o f  a  c lo n e d  t r p  i n s e r t  
from  B. p u m ilu s  i n  b o th  o r i e n t a t i o n s
P la s m id :
O r i e n t a t i o n :
pRR106 
(KmR) tr p E ,D ,C ,F
pRR103 
(KmR)F,C,D,E t r p
Transformants Trans formants
Recipients ® Phenotype No./ugDNA Cotransformation b No./ugDNA cotransformation b
E88 trp E 4 6  h isH 2 Trp+ (Xi • 00 X 105 100 0 N.A.
KmR 1 .8 X 104 100 2 .2  x  104 0
DB83 trp D 2 Trp+ 3 .9 X 105 100 0 N.A.
KmR 2 .3 X 104 99 2 .5  x 104 0
SB25 tro C 2  h isH 2 Trp+ 6 .6 X 105 100 7 .3  x 104 100
KmR 9 .2 X 103 100 5 .5  x  103 100
T12 trp F 1 2 Trp+ 5 .5 X 105 99 0 N.A.
KmR 1 .8 X 104 100 1 .6  x  104 0
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TTGACA 1 5 -1 9 TATAAT
F o r  c o m p a r is o n , p o s s i b l e  c a n d i d a t e s  f o r  i n t e r n a l  
p r o m o te r s  a r e  p r e s e n t e d .
The l o c a t i o n s  o f  t h e s e  s e q u e n c e s  i n  t h e  B .p u m ilu s  
t r p E  g e n e  a r e  t h e  f o l l o w in g  i n  F ig u r e  7 :
1 . + 3 3 7 -3 4 2  ( - 3 5 )  + 3 6 1 -3 6 6  ( -1 0 )
2 .  + 3 7 9 -3 8 4  ( - 3 5 )  + 4 0 3 -4 0 8  ( -1 0 )
3 .  + 1 7 2 8 -1 7 3 3  ( - 3 5 )  1 7 5 2 -1 7 5 7  ( - 1 0 )
P ro m o te r  r e f e r e n c e s :  B .p u m ilu s  (K u ro d a  a l . » 1986) £ .  
s u b t i l i s  (S h im o ts u  s £  a l «r 1986) E .c o l i  (Y a n o fs k y , s i  a l . . 
1 9 8 1 ) .
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Table V
The L e v e ls  o f  B- g a l a c t o s i d a s e  A c t i v i t y  i n  E .c o l i  71 -18  
C o n ta in in g  P la sm id s  W ith  o r  W ith o u t P ro m o te r  F rag m e n ts
Enzyme U n i ts  ifci 
P la s m id ________
G rowth C o n d i t io n s  iux PUCI? PSK10A6 PMR5.Q.Q.
IPTG, t ry p to p h a n 131 0 6 1 .3
IPTG 7 1 .5 1 .6 4 3 .9
t ry p to p h a n 35 0 7 0 .2
no a d d i t i o n 34 2 .5 7 8 .7
(a )  C e l l s  grown i n  A m e d ia , 50ug o f  a m p i c i l l i n  p e r  ml
(b ) A ssay ed  by t h e  m ethod  o f  M ille r*
OD420 -  1 . 750D550 
U n its  = 1000X tm in  x v o l  ml x OD600
1 M i l l e r ,  J .H . (1 9 7 2 ) E x p e r im e n ts  i n  M o le c u la r  G e n e t ic s  
C old S p r in g  H a rb o r L a b o r a to r y ,  C o ld  S p r in g  H a rb o r, 
N .Y ., p .  3 5 2 -3 5 5 .
1 0 0
Table VX
Anthranilate Synthetase (AS) Levels in a troC Mutant















trpC f metB10f lys-3 Trp 0
XAA 0.64 256
XX. BR151/DRR106
0; Km 0.45 100
Trp 0.04 9




(a) trpC was isolated by transformation with DNA from strain H23.
(b) Tryptophan (Trp) was added to a final concentration of 100 mg/ml; 
Kanomycin (Km) to 5 mg/ml; and 3-indolylacrylic acid (IAA) to 10 
mg/ml.
(c) Specific activity is expressed as nanomoles of anthranilate formed 
per minute per milligram of protein.
1 0 1
Table VII
Anthranilate Synthetase (AS) Levels in
a trpE Mutant Strain Containing Plasmid pRR106-trp
activity
specific relative to
strain and growth activity depressed







0; Km 0.48 100
Trp 0.06 12
troE24 Trp; Km 0.04 8
IAA 0.68 141




troE Trp 0.11 24
IAA 0.97 211
+(W23) +(3610)
(a) trpE or trpE were isolated by transformation with DNAs
from the donor strains W23 or 3610.
(b) Specific activity is expressed as nanomoles of anthranilate formed 
per minute per milligram protein.
1 0 2
Table VIII
Anthranilate Synthetase (AS) Levels in a Consitutive
Derepressed Strain (E78R) Containing Plasmid pRR106-trp
















&CCE * BftE Trp 0.31 77
XAA 0.70 176
1 0 0.34 100
+(3610)
.tcpE , mtc Trp 0.39 113
XAA 1.04 306
IX. E78R/DRR106
0; Km 0.28 100
Trp 0.12 43
t.r.pE2.4, Trp; Km 0.13 46
XAA 0.36 129




trpE  / ffitr Trp 0.36 104
' IAA 1.18 347
+(W23) +(3610)
(a) TrpE or trpE were isolated by transformation with
DNAs from the donor strains N23 or 3610.
(b) Specific activity is expressed as nanomoles of anthranilate formed 
per minute per milligram protein.
(1) and (2) Separate clones which were purified as individual strains.
Table IX
E s tim a tio n  o f  pRR106- t r p  Copy Number i n  P la s m id -C o n ta in in g  S t r a i n s  o f  £ .  m i b t i l i a
I .
s t r a i n  and 
g en o ty p e
BR151
tx s Q l. metSlfl, ivs-3
I I .  E78
ire E 2 1
I I I .  E78R
trp E 2 4 . m tr
t<?chnioue Chromosomal CCC Copy
Km EM___ _ _ ...-ENA No. .HI
(5 ug) (cpm) (cpm)
■EtBr c e n t r i f u g a t i o n 38,580 2,940 28
+ 6,930 350 22
g e l  e l e c t r o p h o r e s i s _ 1,194 80 31
+ 1,294 91 32
C sC l-E tB r 8,500 620 24
+ 13,360 1,020 26
C sC l-E tB r 11,840 670 20
+ 12,980 1,030 25
(a )  To c a l c u l a t e  copy number# th e  m o le c u la r  w e ig h ts  o f  pRR106- t r p  and  th e  £ .  s u b t i l i s  







T ra n s fo rm a tio n  o f  JJ. s n b t i l i a  tXTP S t r a i n s  w ith  pRR106, pM R lll and  pHR131 P la sm id  DNAs
Used




trpC2> t h r - 5
i r c m















Bg.t-T rftngf?rB vantg/m l
Trp-f


























S « S m all C o lo n ie s
N.D. * N ot D eterm ined
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T a b le  XI
A n a ly s is  o f  C h lo ra m p h e n ic o l T ra n s fo rm a n ts
E 8 8 : pM R lll BD17 0 :pM R lll
CmR Cms CmR CmR
T rp  + 1 3 1 4
t r p  + - 3 6 3 3
t r p  - 1 3 5 • 1
S t r a i n s  E88 and BD170 w ere  t r a n s f o r m e d  w i th  p la s m id  p M R lll .  
17 o r i g i n a l l y  c h lo r a m p h e n ic o l  r e s i s t a n t  c o l o n i e s  fro m  e a c h  
c e l l  l i n e  w ere  grow n i n  m in im a l m e d ia  w i th  t h e  a p p r o p r i a t e  
am ino a c i d s .  They w ere  s p o t - t e s t e d  f o r  t h e  r e t e n t i o n  o f  t h e  
c h lo r a m p h e n ic o l  r e s i s t a n t  m a rk e r  a n d  t h e  c o t r a n s f o r m a t io n  o f  
t h e  T rp+  p h e n o ty p e .  Shown a r e  t h e  r e s u l t s  i n d i c a t i n g  th e  
r e l a t i v e  i n s t a b i l i t y  o f  t h e  i n t e g r a t e d  p la s m id  i n  t h e s e  
t r a n s f o r m a n t s .
Table XII














NCTC3610 4.9x105 3.3x105 0
MR188
TrpE*, hisH2:sCm* 2.5x105 9.5x103 307 6
22 68
MR189
trpE46. hisH2;:Cm* 1.8x104 158
Recipient Strain E88 troE46. hisH2
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F ig u r e  1 : The b i o s y n t h e t i c  pa th w ay  o f  t r y p to p h a n
s y n t h e s i s .  Shown a r e  t h e  r e a c t i o n s  u n iq u e  t o  t r y p to p h a n  
b i o s y n t h e s i s  from  t h e  b r a n c h in g  p o i n t  t o  t h e  a r o m a t ic  
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Continuation of figure 1
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F ig u re  2 : A s c h e m a tic  r e p r e s e n t a t i o n  o f  t h e  a r ra n g e m e n ts  
o f  th e  g en es  in v o lv e d  i n  t h e  b i o s y n t h e t i c  pa thw ay  o f  
t r y p to p h a n  i n  B a s i l lu g  p u m ilu s . B a c i l l u s  s u b t i l i s .
(H enner s i  a l*  r 1985) E s c h e r i c h ia  s o l i . ,  (Y an o fsk y , s i  
a l . , 1981) A c in e to b a c te r  c a l c o a c e t i c u s  (S aw ula and  
C raw fo rd / 1972) S acch aro m v ces c e r e v i s i a e ,  (Doy and  
C o o p e r/ 1966) and  Pseudom onas a e r u g in o s a  (C a lh o u n  s i  
a l . /  1 9 7 3 ) . The f o l lo w in g  c a p i t o l  l e t t e r s  d e n o te  e i t h e r  
t h e  r e g u l a t o r y  r e g io n  o r  t h e  gen e  an d  i t s  g en e  p r o d u c t :
P = P ro m o te r  o f  t h e  t r y p to p h a n  o p e ro n
L = L e a d e r  o f  t h e  t r y p to p h a n  o p e ro n
0 = O p e ra to r  o f  t h e  t r y p to p h a n  o p e ro n
p2 = I n t e r n a l  p ro m o te r  o f  t h e  t ry p to p h a n  o p e ro n
E = The t r pE gen e  c o d in g  f o r  s u b u n i t  E o f  A n t h r a n i l a t e
S y n th e ta s e
G = The trp G  gene c o d in g  f o r  s u b u n i t  G o f  A n t h r a n i l a t e  
S y n th e ta s e
D = The trp D  gene c o d in g  f o r  A n t h r a n i l a t e  P h o s p h o r ib o s y l-  
t r a n s f e r a s e
C = The trp C  gene c o d in g  f o r  I n d o le g ly c e r o l  P h o sp h a te  
S y n th e ta s e
F = The t r pF gene c o d in g  f o r  P h o s p h o r ib o s y la n th r a n i l a t e  
Iso m e ra se
Ill
F ig u re  2 : ( c o n t in u e d )
B -  The irpfi g en e  c o d in g  f o r  t h e  B s u b u n i t  o f  T ry p to p h a n  
S y n th e ta s e
A = The i r p A  g en e  c o d in g  f o r  t h e  A s u b u n i t  o f  T ry p to p h a n  
S y n th e ta s e
Figure 2 
Arrangement of Tryotophan Genes 
Bacillus pumilus PL E D
Bacillus subtilis PL E
Escherichia coli POL E 6.D








F ig u re  3 : The r e s t r i c t i o n  s i t e  map o f  p la s m id  pRRlOS.
The b o ld  lo w e r  l i n e  i n d i c a t e s  t h e  3 .6 - k b  B .p u m ilu s  t r p  
f ra g m e n t c lo n e d  i n t o  t h e  EcoRI  s i t e  o f  p a r e n t a l  p la s m id  
pU B llO .
K in d ly  p r o v id e d  by  L u is a  D iG io v a n i.
1 1 4
Hoell ®9HI,Hincll 
Hp011 ̂  Hoell I H a e l t t / f  Hindi,Hpoll
JLJ Z l / Z  /  Hoel"









EcoRI 3.1 Kb EcoRI
Socl
30









F i g .3 R e s t r ic t io n  endonucleose cleavoge s i t e  mop of PRR106, The bold 
l i n e  indlcotes  the 3.6 Kb Insert of Boci 1 lus pumllus DNA.
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F ig u r e  4 : The r e s t r i c t i o n  m aps o f  p la s m id s  pRR106 and
PRR103. Shown a r e  r e s t r i c t i o n  s i t e s  p r e s e n t  o n c e  o r  
tw ic e  on th e  p la s m id s .  The b o ld  lo w e r  l i n e  i n d i c a t e s  
t h e  3 .6 - k b  B .p u m ilu s  t r p  f ra g m e n t c lo n e d  i n t o  t h e  
£ £ qRI s i t e  o f  p la s m id  pUBHO ( 4 .5 - k b ) .  The i n n e r  a r ro w  
r e p r e s e n t s  t h e  2 .7 3 3 -k b  fEcoR I-H in d i I I  f ra g m e n t w h ich  
was s e q u e n c e d . The o u t e r  c i r c l e  d e n o te s  r e s t r i c t i o n  
f ra g m e n t s i z e s  g e n e r a te d  by  a  d o u b le  d i g e s t i o n  w i th  
H i n d i I I  and  BamHI t o  d e te rm in e  t h e  o r i e n t a t i o n  o f  t h e  
c lo n e d  t r p  g e n e s .
Figure 4
The Restriction Maps of Plasmids pRR106 and pRR103 










F ig u r e  5 : The e l e c t r o p h o r e c t i c  p a t t e r n s  o f  pRR106 an d
pR R l03 a f t e r  d i g e s t i o n  w i th  E coR I a n d  H in d l l l - BamH I. 
P a n e l s  I  a n d  I I  show  tw o  s e p a r a t e  p r e p a r a t i o n s  o f  
p l a s m id s .  L a n e s  1 a n d  8 a r e  b a n d s  u s e d  a s  m o le c u la r  
w e ig h t  m a rk e rs  g e n e r a t e d  fro m  a  H in d i I I  d i g e s t i o n  o f  
XDNA. L a n e s  2 an d  5 ;  3 a n d  7 a r e  pRR106 an d  pRR103, 
r e s p e c t i v e l y ,  d i g e s t e d  w i th  H in d l l l  a n d  BamHI .  L a n es  
4 an d  6 a r e  pRR106 an d  pRR103, r e s p e c t i v e l y ,  d i g e s t e d  
w i th  EcoRI .
figure 5 '
Electrophoretic Patterns Of pRR106 and pRR103 After 
Digestions With EcoRI and HindI 11—BamIII
i  n
1 2 3  4 5 6 7 8
1 AND II : TWO SEPARATE PREPARATIONS OF THE PLASMIDS.
1;8 : LAMBDA DIGESTED WITH HlNOlII.
2 and 5; 3 and */: pRR106 and pRR103 digested with HindIII-BamHI respectively.
: pRR106 and pRRI03 digested with EcoRI respectively.
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1 1 9
F ig u r e  6 : The s e q u e n c in g  s t r a t e g y  o f  t h e  irp E .,  t rp D  an d
5 ' t r p £  g e n e s  o f  B a c i l l u s  p u m i lu s . The 2 .7 3 3 -k b  E cfiR I- 
H in d l l l  f r a g m e n t  w as c lo n e d  i n t o  t h e  EcoR I - H ind l l l  s i t e s  
o f  t h e  r e p l i c a t i v e  fo rm s o f  M13mpl8 a n d  M13mpl9 an d  
d e s ig n a te d  M 1 3 m p l8 -2 .7 -k b  a n d  M 1 3 m p l9 -2 .7 -k b , 
r e s p e c t i v e l y .  The s i n g l e  s t r a n d e d  fo rm s  o f  t h e  
r e c o m b in a n ts  w ere  s e q u e n c e d  b y  t h e  d id e o x y  -  c h a in  
t e r m i n a t i o n  m ethod  w i th  t h e  K lenow  f ra g m e n t o f  DNA 
p o ly m e ra s e ,  (S a n g e r ,  1977) o r  t h e  m o d if ie d  T7 p o ly m e ra s e  
( P h a r m a c ia ) . The f ra g m e n t w as s e q u e n c e d  w i th o u t  s u b ­
c l o n i n g  w i th  M13 a n d  s i x  s y n t h e t i c  p r im e r s .  The s e q u e n c e  
o f  t h e  s y n t h e t i c  p r im e r s  w ere  d e te r m in e d  d u r in g  th e  
c o u r s e  o f  t h e  p r o j e c t .  F o r  M 1 3 m p l8 -2 .7 -k b  r e c o m b in a n t ,  
18a? 5 ' AATCGTTTCAATTC3' ,  18b; 5 ' AATTCATCCAGTCCA3' 1 8 c ;
5 ' TTTCATAGATAATG3' an d  f o r  M 13m pl9-2 . 7 -k b  r e c o m b in a n t ,  
1 9 a ; 5 'GTCTCCAACGATGA, 19b; 5 ' ATCTCCTTATATTA3' ,  19c?
5 'AGTTATCGCTCAT3' ,  w ere  m ade. The a r ro w s  i n d i c a t e  t h e  
d i r e c t i o n ,  r e l a t i v e  l e n g t h ,  an d  e x t e n t  o f  s e q u e n c e  
o v e r l a p  o b ta in e d  fro m  e a c h  p r im e r .  The num bers in  
p a r e n t h e s i s  a r e  t h e  num bers a s s ig n e d  t o  t h e  n u c l e o t i d e  
i n  t h e  t r y p to p h a n  o p e ro n  o f  B .p u m ilu s  s e q u e n c e d  w i th  t h e  
i n d i c a t e d  p r im e r .
Figure 6
The S e q u e n c in g  S tr a te g y  o f  t h e  tr p E -»trpI> and S' trpC  G enes o f  B a c i l l u s  p u m ilu s
(1714-2238) —■---------- 18c
(2216-2435)  ------18b
(2316-2715) — ...... 18o
(2520-2999)  -----------M13
[M13mpl8-2.7-kb]
EcoRI tr p E  11 tr p O  11 $  tr p  C  Hind III
[M 13m pl9-2.7-kb] V -----------------------------— ----------------= ►
M13------------► (272- 789)
19a------------- (733-1213)
19b  ...... » (1115-1501)
19c -  (1468-1804)
1 2 1
F i g u r e  7 : The n u c l e o t i d e  s e q u e n c e  a n d  d e d u c e d  am in o
a c i d  s e q u e n c e  o f  t h e  B .p u m ilu s  t i p E #  a n d  5 't r p C
g e n e s .  The s t a r t  a n d  s t o p  c o d o n s  a r e  u n d e r l i n e d .  The 
r ib o s o m e  b in d i n g  s i t e s  (RBS) a r e  i n d i c a t e d  w i th  l i n e s  
a b o v e  a n d  b e lo w  t h e  s e q u e n c e .  T he f l a n k i n g  EcoR I  an d  
H in d l l l  s i t e s  a r e  i n d i c a t e d .  “ T he f o l l o w i n g  am in o  
a c i d  s e q u e n c e  u p s t r e a m  o f  t h e  c l o n i n g  s i t e  w i t h i n  
ORF- , M -K -A -L-R, i s  p r e s e n t  n e x t  t o  t h e  s e c o n d  am in o  
a c i d  (N) o r  JklfiE (M cK enzie  f i t  ■&!•/ 1986 a n d  1 9 8 7 ) .
F i g u r e  7 122
T he DNA s e q u e n c e  o f  t h e ’ t r p E , t rp D  an d  5 / t r p C  g e n e s  o f  B .p u m ilu s
ECORI 290  310 329
**GAATTCCCAATCAAACCTGACCCAATTTTTAAAGGACAGCGAGTCCTACAAAACGATC 
M N S Q S N L T Q F L K D S E S Y K T I  
t r p E
350 370 389
CCAATTGTTGAAACCATTACAGTCGATACGCTCTCACCGATTCAAATTGTTGAAAAACTC 
P I V E T I T V D T L S P I Q I V E K L
410 4^0  449
AAACAAGATATTGTGTATTTGCTAGAAAGCAAAGATGAGTCTTCCAGCTGGTCGAGATAT 
K Q D I V Y L L E S K D E S S S W S R Y
470 490 -509
TCCTTCATTGGATTACACCCGTTTTTAACCTTACACGATGACCAAAACAAATACATTGCA 
S F I G L H P F L T L H D D Q N K Y I A
530 550 569
CGTGACGCTGCGGGGCAGAAACTCATGCAAAAGCAAGAGCTGAAAGAACTGCTAGATTGG 
R D A A G Q K L M Q K Q E L K E L L D W
590 610 629
ATGAAAGAGCAATATCAAATCAAAACGCCAGATATTGATATCCCATTTACAGGCGGGGCT 
M K E Q Y Q I K T P D I D I P F T G G A
650 670 689
GTTGGGTACTTAAGCTACGATCTGATCCCAACATTGACCTCTGTCAGGCCTCACCGCAGC 
V G Y L S Y D L I P T L T S V R P H R S
710 730 749
GCATCGACGATAGAAAATGCACATATTTGTCTGCCAACGATGATTGCATTTGATCATGAA 
A S T I E N A H I C L P T M I A F D H E
770 790 809
ACAAATCATGTTCATTTTATCCAGTACACGCAGCTAACCGGACATGAAACAGAGGACGAA 
T N H V H F I Q Y T Q L T G H E T E D E
830  850 869
AAAATACGCGCCTACAAAGAAAAACAAAAGCAGCTTGAACAGATGATTCACAAGCTCCAT 
K I R A Y K E K Q K Q L E Q M I H K L H
890  910 929
TCAAAGGTTGATATGAAAGAACTGATTTTATCAGGGAATATGAATGAGCCGCCATCCTTT 
S K V D M K E L I L S G N M N E P P S F
Continuation of Figure ? 1 2 3
950 970 989
GAACATGTGACGTCAACCTATGAAAAAGCGCAATTTTTAAAAGACGTAGAAAAAATCAAA 
e h v t s t y e k a q f l k d v e k i k
1010 1030 1049
GAATACATTCGAGCGGGTGACATTTTTCAAGGCGTACTCTCGCAGCGATTTGATATCCCT 
E Y I R A G D I F Q G V L S Q R F D I P
1070 1090 1109
GTATCAGTGAGTTCATTTGAGTTATACCGCGTGCTTCGGATTGTGAATCCATCTCCTTAT 
V S V S S F E L Y R V L R I V N P S P Y
1130 1150 1169
ATGTATTTTATGAAATTAAAAGATCGTGATTTAGTCGGCAGCTCACCAGAACGATTAATC 
M Y F M K L K D R D L V G S S P E R L I
1190 1210 1229
CATGCCAAAAATGGGCATTTAGAAATTCATCCTATTGCTGGCACAAGAAAACGAGGAACA 
H A K N G H L E I H P I A G T R K R G T
1250 1270 1289
ACAAGAGAAGAGGATGCTGAACTAGCAAGAGAGCTGCTTGAAGATGAAAAGGAAAAAGCC 
T R E E D A E L A R E L L E D E K E K A
1310 1330 1349
GAGCATTACATGTTAGTGGATCTTGCCAGAAATGATGTAGGCCGTGTGGCAGAATACGGC 
E H Y M L V D L A R N D V G R V A E Y G
1370 1390 1409
AGTGTGTCCGTACCAACCTTTACAAAAGTAGTGAACTTCTCTCATGTCATGCACATCATC 
S V S V P T F T K V V N F S H V M H I I
1430 1450 1469
TCCATTGTGACAGGAAAGCTAAAGCGGGATACACATCCAGTTGATGCGCTCATGTCCGCA 
S I V T G K L K B D T H P V D A L M S A
1490 1510 1529
TTCCCAGCAGGCACATTAACAGGTGCCCCGAAAATAAGAGCGATGCAATTATTAAATGAA 
F P A G T L T G A P K I R A M Q L L N E
1550 1570 1589
ATGGAGCCTGAGCCAAGGGAAACGTATGGCGGCTGTATTGCTTATATTGGATTCGACGGC 
M E P E P R E T Y G G C I A Y I G F D G
1610 1630 1649
AATATCGACTCTTGTATTACGATTCGTACGATGAGCGTCAAAAATCATACCGCTTCTATA 
N I D S C I T I R T M S V K N H T A S I
C on tin u a tio n  o f  F igu re  7 1 2 4
1670  1690 1709
CAAGCAGGCGCCGGCATTGTGGCTGATTCTGTCCCAGAAAATGAATGGGAAGAGACTTGT 
Q A G A G I V A D S V P E N E W E E T C
1730  1750 1769
AACAAGGCAGGAGCACTTCTGAAAGCCATTCAGCTTGCGGAACATATTTTCTCAGAAAAG 
N K A G A L L K A 1 Q L A E H I F S E K
RBS 1790  1810 1829
GAGAGTGTGCAGGATGAATCACCGACTATCAGCTCTTGTTAATGGAGGCTTTCTATCAGA 
E S V Q D E S P T I S S C *
M N H R L S A L V N G G F L S E  
t r p D  e n d  t r p E
1850 1870 1889
AAATGAAGCAAATAAACTCATGCATGATATGATGAGCGGCTTTTTAACAGATGCTGAAGT 
N E A N K L M H D M M S G F L T D A E V
1910  1930 1949
CGCTGCTAGTCTCTCGATTTTAGCGCATAGAGGAGAAACCGCTGAAGAAATGACGGGTTT 
A A S  L S  Z L A H R G E T A E E M T G F
1970  1990 2009
TGTGAAAGCTATGCGGCAAAATGCAGCACCAATGGAACGAGCGCTTGATGTAGTAGATAC 
V K A M R Q N A A P M E R A L D V V D T
2 0 3 0  2050  2069
TTGCGGCACAGGAGGCGATGGACTCTCCACCTTTAATATATCAACTGCCGCTGCCATTGT 
C G T G G D G L S T F N I S T A A A I V
2090  2110 2129
CCGTTCCGCTGCTGGAGCCAAAATCGCCAAACACGGAAATCGATCAGTTTCTTCTAAAAG 
R S A A G A K I A K H G N R S V S  S K S
2150  2170 2189
CGGGAGTGCCGACGTACTAGAGTGTCTTGGGATTCATATTCAATCCACACCAGAAGAAAC 
G S A D V  L E C L G I H I Q S T P E E T
2210  2230  2249
AAGAAGACAAATACAAGAGAAAAACATGGGCTTTTTATTTGCACCATTGTATCATTCATC 
R R Q I  Q E K N M G F L F A P L Y H S S
22 7 0  2290 2309
TATGAAACAAGTAGCCGCAGTCCGCAAGCAGCTCGGCTTCCGGACGGTATTTAATCTCTT 
M K Q V A A V R K Q '  L G F R T V F N L L
1 2 5
Continuation o f Figure 7
2330 2350 2369
AGGCCCGCTTTCCCACCCAATGCAAGCCAAAAAGCAAATCATCGGTGTCTACTCAAAGGA 
G P L C H P M Q A K K Q I I G V Y S K E
2390 2410 2429
AAAGGCAAAATTAATGGCAGAAGCCCTTGCACCGTTAGAGCCAGAACATGTGCTGTTTGT 
K A X L M A E A L A P L E P E H V L F V
2450 2470 2489
TTGCGGAGAAGATGGACTGGATGAATTAACGATTACAGCAAATTCATATGTGATTGAACT 
C G E D G L D E L T I T A N S Y V I E L
2510 2530 2549
CAAAAAAGATGTCATGACAGAATATACACTCAATCCAGAAGACTTTGGGCTGCAAAAAGG 
K K D V M T E Y T L N P E D F G L Q K G
2570 2590 2609
ATATTTATCAGAAATTCAGGTCCAATCACCGGAAGAGAGTGCTAAATTGATTCAGAATAT 
Y L S E I Q V Q S P E E S A K L I  Q N I
2630 2650 2669
ATTGAATCATCAAACAGAAGGGGCGCCGCTTCATATTACAGCCCTGAATGCTGGAGCGGC 
L N H Q T E G A P L H I T A L N A G A A
2690 2710 2729
TTTATATGTCGCAGGGAAGTCAGAAAGCCTCATGGCCGGGACATTAAAAGCAATTGAAAC 
L Y V A G K S E S L M A G T L K A 1  E T
2750 2770 2789
GATTAAAAACGGCGCAGCCAAAGAACAATTGGCTCGTTTAAAACAAAAAACGAGAGAGGA 
I  K N G A A K E Q L A R L K Q K T R E E
RBS 2810 2830 2849
AGAGATCTATGCTTAATCAAATCATTGCCCGCAAAAAAGAACATATTCAAACATTGCAGT 
E I  Y A * ,
M L N Q X X '  A R K K E H X Q T L Q L
trp C  end trpD
2870 2890 2909
TACCAGTAGATGGACACTTTGAAAGACGATCATTTAAAGAAGCACTCATGAATCCTCATC 
P V D G H F E R R S  F K E A L M N P H R
2930 2950 2969
GCTCAATTGGTCTCATTGCGGAGGTGAAAAAAGCGTCTCCTTCCAAAGGAATCATTCAAC 
S I G L I A E V K K A S P S K G I I Q P
2990 H indl l l
CGAATTTTGATCCTTTACAAACAGCAAAAGCTT 
N F D P L Q T A K A
F ig u r e  8 : C o n s t r u c t i o n  o f  1&££ f u s i o n  p la s m id  pMR500.
P ro m o te r  s e a r c h  p la s m id  pSK10A6 (Z u b e r  a n d  L o s ic k ,  
1983) w as r e s t r i c t e d  w i th  EcoRI  an d  BamHI  a n d  p la s m id  
pRR106 w as r e s t r i c t e d  w i th  EcoRI  an d  B e l l ,  m ix ed  a n d  
l i g a t e d  w i th  T4 DNA p o ly m e r a s e .  The m ix tu r e  w as u s e d  
t o  t r a n s f o r m  E .c o l i  7 1 -1 8  t o  ApR b lu e  c o l o r e d  c o l o n i e s  
o n  m in im a l m e d ia  M9 X - g a l  p l a t e s .
F ig u r e  8
C o n s tr u c t io n  o f  a la c Z  F u s io n  P la sm id  pMRSOO
pS K K >&6
K n , r
E c o R I
coR IEco
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F ig u r e  9 : C om parison  o f  t h e  n u c l e o t i d e  s e q u e n c e s  o f
B .p u m ilu g  an d  B .gM b.tilig , i £ P  o p e r o n s .  The G e n e t ic s  
C om puter G roup o f  t h e  U n i v e r s i t y  o f  W isc o n s in  
p ro g ram s  f o r  n u c l e o t id e  an d  am ino  a c i d  s e q u e n c e s  w ere  
u s e d  t o  a n a ly z e ,  a l i g n ,  a n d  t r a n s l a t e  t h e  B .p u m ilu s  
s e q u e n c e  (D evereux  & 1 ., 1 9 8 4 ) . To m a x im a lly  a l i g n  
t h e  s e q u e n c e s  t h e  g a p s  in t r o d u c e d  a r e  d e n o te d  b y  d o t s .  
The RBS, s t a r t  and  s to p  c o d o n s  o f  t h e  tw o s e q u e n c e s  
a r e  i n d i c a t e d .  The s e q u e n c e  d a t a  o f  B .s u b t i l i s  t r p  
g e n e s  was ta k e n  fro m  H enner s t  a l . ,  (1 9 8 5 ) .  To 
i n c r e a s e  t h e  r e p o r t e d  G by  - . 2  k c a l  t h e  B .s u b t i l i s  
i i p B  RBS was e x te n d e d  by  4 n u c l e o t i d e s .
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F ig u re  1 0 ? C om parison  o f  t h e  am ino a c id  s e q u e n c e s  o f  
t h e  t r p E  (P a n e l  A) and  trp D  an d  5 1trp C  (P a n e l  B) g e n e s  
o f  B .p u m ilu s  ( B . p . ) f B .s u b t i l i s  ( B . s . ) ,  an d  E .c o l i  
( E . c . ) .  A c c o rd in g  t o  J a c k s o n  an d  Y a n o fsk y , (1974) i n  
E .c o l i  t h e  trp G  i s  fu s e d  t o  t h e  trp D  gene w h e re a s  i n  
t h e  B a c i l l i  t h i s  i s  n o t  t h e  c a s e .  T h e re f o re  m axim al 
a l ig n m e n t  b e tw een  th e  B a c i l l i s  an d  E .c o l i  o c c u r  a t  t h e  
l a t t e r  2 /3  o f  t h e  E .c o l i  t r p(G )D  g e n e . Gaps in t r o d u c e d  
t o  m a x im a lly  a l i g n  th e  s e q u e n c e s  a r e  d e n o te d  by d o t s .  
I d e n t i c a l  an d  c h a r g e - r e l a t e d  r e s i d u e s  a r e  i n  c a p i t a l  
l e t t e r s .  "Con" d e n o te d  c o n s e rv e d  am ino a c i d s ,  l a c k  
o f  Con i s  i n d i c a t e d  by d a s h e s .  C o n se rv ed  s e q u e n c e s  a r e  
e i t h e r  u n d e r l in e d  (P a n e l A) o r  p r e s e n t e d  a s  a  c o m p a r iso n  
b e tw een  se v e n  o rg a n ism s  o b ta in e d  fro m  GenBank (P a n e l 
C ) . The am ino a c i d  s e q u e n c e s  o f  B .s u b t i l i s  and E .c o l i  
w ere o b ta in e d  from  H enner a l . , (1985) an d  Y anofsky  
S i  f l l . ,  (1 9 8 1 ) ,  r e s p e c t i v e l y .
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i.e. e u i a u i  n u n re a  a a u u m  
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F ig u re  1 1 ; The c o n s t r u c t i o n  o f  i n t e g r a b l e  p la s m id s  
pM R lll and  pMR131 c o n ta in in g  t h e  t r p  o p e ro n  o f  £ .  
p u m ilu s * P la sm id s  pJH lO l ( F e r r a r i  & 1-/ 1983) and  
pRR106 (R u d n er f i t  a l . ,  1982) w ere  r e s t r i c t e d  w i th  
H i n d i I I  an d  EcoR I, m ixed an d  l i g a t e d  w i th  T4 DMA 
l i g a s e .  Two p la s m id s  w ere  i s o l a t e d  c o n ta in in g  th e  
2 .7 3 3 -k b  f ra g m e n t (p M R lll) and  th e  0 .9 -k b  f ra g m e n t 
(pMR131) o f  H .pwnilW g DNA.
Figure H 1 3 3
Construction of Integrable P la se id s  Containing the trp 






F ig u r e  1 2 i The e l e c t r o p h o r e c t i c  p a t t e r n  o f  p M R lll , 
pMR131, pRR106 an d  p JR IO l a f t e r  r e s t r i c t i o n  w i th  
E coRI a n d  i l i n d l l l .  The m o le c u la r  w e ig h ts  m a rk e r  i s  
DNA r e s t r i c t e d  w i th  H in d l l l .
F ig u r e  12
The e le c t r o p h o r e c t io  p a t t e r n  o f  pM Rlll* pRR106, pMR131 and pJH lO l
^  -o
5  O  «  O
5  5  «  x
3E *  S  -)a. a. *5. £
Lane 1 = M o le cu la r  w e ig th  m arkers o f  XDHA r e s t r i c t e d  w ith  H in d iI I  
Lane 2 = pM R lll r e s t r i c t e d  w ith  H in d l l l  and EooRl
Lane 3 = pRRl06 r e s t r i c t e d  w ith  H in d iI I  and EooRI
I
Lane 4 = pMR131 r e s t r i c t e d  w ith  H in d iI I  and EcoRI
Lane 5 = pJHlOl r e s t r i c t e d  w ith  H indl l l  and EooRI
135
F ig u r e  1 3 : The S o u th e rn  b l o t s  o f  H ind l l l  r e s t r i c t e d
DNA. The DNA o f  t h e  s t r a i n s  u s e d  a r e  d e n o te d  a t  th e  
to p  o f  t h e  l a n e s .  P a r e n t a l  B .s u b t i l i s  s t r a i n s  a r e  
shown i n  P a n e l  A (T a b le  I ) .  B .p u m ilu s  i s  p r e s e n t e d  
i n  P a n e ls  B, C, an d  D. P a n e l s  Bf C , an d  D c o n t a i n  
DNA from  h e te r o lo g o u s  i n t e g r a n t s  o f  B .s u b t i l i s  E88 
(T a b le  I ) .  P a n e l  A an d  B w e re  h y b r id iz e d  w i th  t h e  
p ro b e  p lipH 3B 2 ( c o n t a i n s  p a r t s  o f  t h e  B .s u b t i l i s  
t rp E  and  trp D  g e n e s ) .  P a n e l  C was h y b r id iz e d  w i th  
M 1 3 m p l9 -2 .7 -k b  ( c o n ta in s  t h e  se q u e n c e d  2 .7 3 3 -k b  o f  
B .p u m ilu s  t r p  DNA ( F ig u r e  6 an d  7 ) .  P a n e l  D was 
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F ig u r e  1 4 t A m odel o f  a  C a m p b e l l - l ik e  i n t e g r a t i o n  
e v e n t  o f  pM R lll i n t o  t h e  t r p  o p e ro n  o f  t h e  f i. 
s u b t i l i s  chrom osom e o f  s t r a i n  E 88. F ig u r e  14 A shows 
t h e  6 .0 - k b  f ra g m e n t a ssu m in g  t h e  H ind l l l  p r e s e n t  i n  
JtlEE o f  s t r a i n  168W (H en n er s i  jal.» 1985) i s  m is s in g  
i n  s t r a i n  E 88 . I n  F ig u r e  14 B t h e  r e s u l t  o f  a  s i n g l e  
p la s m id  i n t e g r a t i o n  i n  t r p E . Below t h e  i n t e g r a t e d  
c o n f i g u r a t i o n  a r e  t h e  p r e d i c t e d  b an d  s i z e s  o f  a  
f l i n d l l l  d i g e s t i o n  o f  t h e  DNA. The f o l lo w in g  a b b r e v ia ­
t i o n s  r e p r e s e n t  s e l e c t e d  r e s t r i c t i o n  s i t e s :  H3 =
J L ln d l l l ,  RI = E co R I. P2 -  P vu2 , P I = P s t l ,  an d  B2 =
B g l l l .  I n  F ig u r e  14C a r e  t h e  p r e d i c t e d  b a n d s  s i z e s  
t h a t  s h o u ld  h y b r id ig e  t o  p ro b e s  pTrpH3B2, M 13m pl9-2. 7 -k b , 
an d  p J H lO l, f o l lo w e d  by  th e  a c t u a l  s i z e  b a n d s  o b s e rv e d  i n  
F ig u re  13 . The r e s u l t s  i n d i c a t e  t h a t  t h i s  h y p o t h e t i c a l  
m odel i s  in a d e q u a te  t o  e x p l a i n  i n t e g r a t i o n  o f  pM R lll 
i n t o  t h e  t r p  o p e ro n  o f  E 88.
V.
F ig u re  14
A M odel o f  a  C a m p b e l l - l ik e  I n t e g r a t i o n  o f  p M R lll 
I n t o  t h e  t £ p  o p e ro n  o f  t h e  B .s u b t i l i s  Chromosome o f  S t r a i n  E88
"m
n
IQ ul jl H3 H3H3
Select Crn in B .subtilis
6.0 k b
l q i l  D C  1  |
_ s ia fc n g " ! --------------------  —--------------------------   Ks?nr.........» — e r 1 ■ i  a — t®  M3 31 M  HJ C m r A P  W  «| f 5 T 5  ft h 5To  M
,------------------------------ 1-------------------------------------------    —     I
5.7 k b  M k b
C
P rob es P r e d ic te d  s i z e  o f  b a n d (s )  A ctu a l s i z e  o f  b a n d (s)
pTrpH3B2 5 .7  kb and 8 .4  kb 6 .0  kb and 8 .2  kb
M 13mpl9-2. 7 -k b  5 .7  kb and 8 .4  kb 8 .2  kb and 1 1 .1  kb




The c o m p u te r  p ro g ra m  o f  D en ereu x  e t  a l . .
(1984) c a l l e d  GAP c a n n o t  a l i g n  m ore th a n  tw o s e q u e n c e s  
a t  a  t im e .  In  o r d e r  t o  p r i n t  t h e  a l ig n m e n t  o f  t h e  
am ino a c i d  s e q u e n c e  o f  t h e  t r p E . t r p D . an d  5 * t r p C  g en e  
p r o d u c ts  ( F ig u r e  10) o f  B .p u m ilu s . B .s u b t i l i s . an d  
E .c o l i  t h e  f o l lo w in g  p ro g ram m in g  s t r a t e g y  was p e r fo rm e d . 
The DNA se q u e n c e  was t r a n s l a t e d  fro m  an  open  r e a d in g  
f ra m e . To f i n d  o t h e r  p r o t e i n s  w ith  s i m i l a r  am ino  a c i d  
s e q u e n c e  t h e  WORDSEARCH p ro g ra m  was e x e c u te d .  T h is  
p ro g ram  w i l l  a s s e s s  a l l  p r o t e i n  s e q u e n c e s  e n t e r e d  i n  
G enBank. The s e a r c h  c a n  t a k e  a  lo n g  t im e  i f  i t  i s  n o t  
l i m i t e d .  F o r  t h i s  t h e s i s  i t  w as l i m i t e d  t o  b a c t e r i a l ,  
f u n g a l  and  p l a n t  s e q u e n c e s .  As e x p e c te d  t h e  B .s u b t i l i s  
t r p  o p e ro n  g av e  t h e  b e s t  m a tc h . S e v e r a l  o t h e r  o rg a n is m s  
in c l u d i n g  t h e  E .c o l i  t r p  o p e ro n  show ed 50% o r  g r e a t e r  
am ino a c i d  s e q u e n c e  s i m i l a r i t y .  A t t h i s  p o i n t  i t  was 
d e c id e d  t o  l i m i t  t h e  p r e s e n t a t i o n  t o  t h e  c l o s e s t  
r e l a t i v e  o f  B .p u m ilu s  ( B .s u b t i l i s ) an d  t o  t h e  b e s t  
s t u d i e d  t r p  o p e ro n  ( E .f i f i l i )  • The B. s u b t i l i s  t r p E  gen e  
p r o d u c t  was "GAPPED" a g a i n s t  t h e  B .p u m ilu s  t r p E  gen e
1 4 1
p r o d u c t .  The o u t p u t  i s  s a v e d  i n t o  tw o s e p a r a t e  f i l e s .  
F o r  e x a m p le  i n  F ig u r e  15 ( T r p e .G a p l )  i s  t h e  f i l e  o f  
t h e  s e q u e n c e  o f  t h e  B .s u b t i l i s  t r p E  p r o t e i n  g a p p e d  t o  
t h e  B .p u m ilu s  £ ip E .  I n  F ig u r e  16 i s  t h e  s e c o n d  f i l e  
sh o w in g  t h e  s e q u e n c e  o f  t h e  B .p u m ilu s  t r p E  p r o t e i n  
g a p p e d  a g a i n s t  t h e  B .s u b t i l i s  t r p E  p r o t e i n  (T rp e .G a p 2 ) .  
The g a p s  a r e  d e n o te d  b y  d o t s .  The T rp e .G a p l  f i l e  i s  
th e n  g a p p e d  a g a i n s t  t h e  E . c o l i  t r p E  p r o t e i n .  The 
o u t p u t  i s  s a v e d  i n t o  tw o  m ore f i l e s  T rp e .G a p 3  ( s e q u e n c e  
o f  T rp e .G a p l  a f t e r  a l ig n m e n t  w i th  t h e  E .c o l i  t r p E  
p r o t e i n ,  F ig u r e  17) an d  T rp e .G a p 4  ( s e q u e n c e  o f  t h e  
t r p E  p r o t e i n  a f t e r  a l ig n m e n t  w i th  T r p e .G a p l ,  
F ig u r e  1 8 ) .  The f i n a l  g ap  a lg o r h i th m  i s  b e tw e e n  
T rp e .G ap 2  a n d  T rp e .G ap 4  w i th  o u t p u t  f i l e s  T rp e .G a p 5  
( s e q u e n c e  o f  T rp e .G a p 2  a f t e r  a l ig n m e n t  w i th  
T rp e .G a p 4 , F ig u r e  20) an d  T rp e .G ap 6  ( s e q u e n c e  o f  
T rp e .G a p 4  a f t e r  a l ig n m e n t  w i th  T rp e .G a p 2 , F i g u r e  2 1 ) .
A "PRETTY" f i l e  i s  c r e a t e d  w i th  T rp e .G a p 5 , T rp e .G a p 3 , 
an d  T rp e .G a p 6  w i th  t h e  command CREATE FILE S p r e t t y .  
f i l .  To o b t a i n  t h e  c o n s e n s u s  s e q u e n c e  t h e  p ro g ra m  
c a l l e d  "PRETTY" i s  p ro m p te d . The o u t p u t  i s  s a v e d  i n t o  
a  p r e t t y . t x t  f i l e  w h ich  c a n  b e  e d i t e d  b y  t h e  "EDIT" 
p ro g ra m  an d  p r i n t e d  a s  i t  i s  p r e s e n t e d  i n  F i g u r e  10
1 4 2
a f t e r  c u t t in g  and s p l i c i n g .  The same s t e p s  were tak en  
f o r  th e  t r p D and 5 1trpC gene p r o d u c ts .
1 4 3
Figure 15
GAP o f: Pumtrpe.Pep chock: 5269 from: 1 to :  512
a f t e r  alignment w ith: Bsutrp.Pep check: 4137 from: 1 to : 516
Symbol comparison tab le : GenDataBase:NWSGapPep.C*p CompCheck: 1254
Gap Weight: 5.000 Average Match: 0.540
Length Weight: 0.300 Average Mismatch: -0.396
Q uality: 574.2 Length: 516
Ratio: 1.119 Gaps: 2
Percent S im ila rity : 7S.752
trpe.gap2  Length: 516 June 13, 1989 ' 20:58 Check: 3128
1 MNSQSNLTQF LXDSESYXTX PIVETITVDT LSPXQXVEXL KQDIVYLLES
51 XDESSSWSRY SFIGLHPFLT LHDDQNKYXA ROAAGQXLKQ XQELXELLDW
101 MXEQYQXKTP DIDIPFTGGA VGYLSYDLZP TL.TSVRPHR SASTIENAHI
151 CL. PTMIAFO HETNHVHFIQ YTQLTGHETE OEXIRAYXEX QXQLEQMXHK
•  •
201 LHSKVOMXEL ILSGNMNEPP SFEHVTSTYE XAQFLKDVEK ZKEY1RAGDZ 
251 FQGVLSQRFD IPVSVSSFEL YRVLRIVNPS PYMYFMXLXD ROLVGSSPER 
301 LZKAXNGHLE ZHPXAGTRXR GTTREEOAEL ARELLEOEXE XAEHYMLVDL 
351 ARNDVGRVAE YGSVSVPTFT XWNFSHVMH ZZSZVTGXLX RDTHPVDAIM 
401 SAFPAGTLTG APXIRAMQLL NEMEPEPRET YGGCZAYZGF DGNZDSCZTZ 




GAP o f :  Bautrp.Pep check: 4137 froa : 1 to :  516
a f t e r  alignm ent w ith : Pumtrpe.Pep check: 5269 froa : 1 to :  1513
Symbol comparison ta b le :  GenDataBase:NWSGapPep. Cap CompCheck: 1254
Gap H eight: 5.000 Average Match: 0.540
Length Weight: 0.300 Average Mismatch: -0.396
Q uality : 574.2 Length: 516
R atio : 1.119 Gaps: 2
P ercen t S in i l a r i ty :  78.752
trp e .g a p l  Length: 516 June 13, 1989 20:58 Check: 4137
1 MNFQSNISAF LEDSLSHHTX PIVETFTVDT LTPIQMIEXL DREITYLLES
51 KDDTSTWSRY SFIGLNPFLT 1XEEQGRFSA AOQDSXSLYT GNELKEVLNW
101 MNTTYXIKTP ELGIPFVGGA VGYLSYDMIP LZEPSVPSHT XETDMEXCML
151 FVCRTLIAYD HETKNVHFIQ YARLTGEETK NEKMDVFHQN HLELQNL1EK
201 MMDQKNIXEL FLSADSYKTP SFETVSSKYE KSAFMA0VEK IXSYIKAGDZ
251 FQGVLSQKFE VPIXADAFEL YRVLRIVNPS PYMYYMKLLD REIVGSSPER
301 LIHVQ0GHLE IHPIAGTRKR GADKAEDERL XVELMKDEKE KAEHYMLVDL
351 ARNDIGRVAE YGSVSVPEFT KIVSFSHVMH IISWTGRLK KGVHPVDALM
401 SAFPAGTLTG APKIRAMQLL QELEPTPRETa YGGCIAYIGF DGMIDSCITI




GAP o f: Ecotrp.Pep check: 2889 froa: 1 to : 521
a f te r  alignment with: Trpe.Gapl check: 4137 froa : 1 to :  516
a
Symbol comparison ta b le :  GenDataBase:NHSGapPep.cmp CompCheck: 1254 
Gap Height: 5.000 Average Match: 0.540
Length Height: 0.300 Average Mismatch: -0.396
Q uality: 270.9 Length: 566
R atio: 0.525 Gaps: 8
Percent S im ila rity : 53.928
trpe.gap4 Length: 566 June .13, 1989 21:01 Check: 5738
1 MQTQKPTLEL LTCEGAYRDN PTALFHQLCG DRPATLLLES ADIDSKDDLK
51 SLLLVDSA1R ITALGDTVTI QALSGNG. .E ALLALLDNAL PAGVESEQSP
101 NCRVLRFPPV SPLLDEDARL C ,. . . . . .SL SVFDAFRLLQ NLUfVPKEER
151 EAMF FSGLFSYDL VAGFB.DLPQ LSAENNCPDF CFYLAETIMV
201 IDHQKXSTRX QASLFA PNEEEKQRLT ARLNELRQQL
251 TEAAPPLPW SVPHMRCECN QSDEEFGGW RLLQKAIRAG EIFQWPSRR
301 FSLPC.PSPL AAYYVLKXSN PSPYMFFMQD NDFTLFGASP ESSLKYDATS
351 RQIEIYPIAG TRPRGRRADG SLDRDLDSRX ELEMRTDHXE LSEHXMLVDL
401 ARNDLARICT PGSRYVADLT KVDRYSYVMH LVSRWGELR HDLDALHAYR
451 ACMNMGTLSG APKVRAMQLX AEAEGRRRGS YGGAVGYFTA HGOLOTCIVX




GAP o f :  Trpe.Gapl check: 4137 front 1 to :  516
a f t e r  alignm ent w ith: Ecotrp.Pep check: 2889 f^on: 1 to :  521
Symbol comparison ta b le :  GenDataBase:NWSGapPep.Cap CompCheck: 1254
Gap Height: 5.000 Average Match: 0.540
Length Weight: 0.300 Average Mismatch: -0.396
Q uality : 270.9 Length: 566
R atio: 0.525 Gaps: 8
P ercen t S im ila r ity : 53.928
trp e .g ap 3  Length: 566 June 13, 1989 21:01 Check: 7901
1  MNFQSNIS
51 AFLEDSLSHH T1PIVETFTV DTLTPIQMIE KLDREITYLL ESKDDTSTWS
101 RYSFIGIHPF 'LTXKEEQGRF SAAOQOSXSL YTGNELKEVL NWMNTTYKIK
151 TPELGIPFVG GAVGYLSYOM IPLIEPSVPS HTKETDMEKC MLFVCRTLIA
201 YDHETXNVHF IQYARLTGEE TKNEKMDVFH QNHLELQNLZ EXMMDQKNIX
251 ELFLSADSYX TPSFETVSSN YEXSAFMADV EXIXSYIXAG DXFQGVLSQR
301 FEVPIKADAF ELYRVLRIVN PSPYMYYMKL LDREIVGSSP ERLIHVQDG.
351 . HLEIHPIAG TRKRG............. ADKAEDERL XVEZMXDEXE KAEHYMLVDL
401 ARNDIGRVAE YGSVSVPEFT KIVSFSHVMH IISWTGRLX KGVHPVDAI2!
451 SAFPAGTLTG APKIRAMQLL QELEPTPRET YGGCIAYZGF DGNIDSCITI
501 RTMSVXNGVA SIQAGAGlVA DSVPEAEYEE SCNXAGALLX TIHIAEDMFH
5 5 1  SKEDKADEQI STIVR*
1 4 7
Figure 19
GAP o f :  Trpe.Gap2 check: 3128 fron : 1 to :  516
a f t e r  alignm ent w ith: Trpe.Gap4 check: 5738. froa: 1 to :  566
•  «
Symbol comparison ta b le : GenDataBase:NWSGapPep.Cap CompCheck: 1254
Gap Weight: 5.000 Average Match: 0.540
Length Weight: 0.300 Average Mismatch: -0.396
Q uality: 306.8 Length: 566
R atio: 0.598 Gaps: 2
P ercen t S im ila r ity : 52.452
trp e .g ap S  Length: 566 June 13, 1989 21:03 Check: 6822
1  MNSQSNLT
51 QFLKDSESYK TIPIVETITV DTLSPIQIVE KLKQDIVYLL ESXOESSSWS
101 RYSFIGIMPF LTLHDDQNKY IARDAAGQKL MQXQELXELL DWMXEQYQIX
151 TPDIDIPFTG GAVGYLSYDL ZPTL.TSVRP HRSASTIENA RZCL.PTMIA
201 FDHETNHVHF IQYTQLTGHE TEDEXIRAYX EKQKQLEQMI HXWSXVDMX 
251 ELZLSGNMKE PPSFEHVTST YEXAQFLKDV EKIKEYIRAG DIFQGVLSQR 
301 FDIPVSVSSF ELYRVLRIVN PSPYMYFMXL KDRDLVGSSP ERLI. .HAXN 
351 GHLEIHPIAG TRKRG...... .TTREEDAEL ARELLBDEXE KAEHYMLVDL
401 ARNDVGRVAE YGSVSVPTFT KWNFSHVMH IISIVTGXLK RDTHPVDAUf 
451 SAFPAGTLTG APXIRAMQLL NEMEPEPRET YGGCIAYIGF DGNIDSCITI 




GAP o f: Trpe.Gap4 chock: 5738 froa: 1 to : 566
a f t e r  alignm ent.w ith : Trpe.Gap2 check: 3128 fro a : 1 to :  516
Symbol comparison ta b le :  GenoataBase:NWSGapPep.cap CompCheck:
Gap Weight: 5.000 Average Hatch: 0.540
Length Weight: 0.300 Average Mismatch: -0.396
Q uality : 306.8 Length: 566
R atio: 0.598 Gaps: 2
P ercen t S im ila rity : 52.452
trpe .gap6  Length: 566 June 13, 1989 21:03 Check: 5738
1 MQTQKPTLEL LTCEGAYRDN PTALFHQLCG DRPATLLLES ADIDSKDDLK
51 SLLLVDSALR ITALGDTVTI QALSGNG..E ALLALLDNAL PAGVESEQSP
101 NCRVLRFPPV SPLLOEDARL C............. SL SVFDAFRLLQ HLIMVPKBER
151 EAMF................FSGLFSYDL VAGFE.DLPQ LSAENNCPDF CFYLAETLMV
201 IDHQKKSTRI.............................QASLFA PNEEEKQRLT ARLNELRQQL
251 TEAAPPLPW SVPHMRCECN QSDEEFGGW RLLQKAIRAG EIFQWPSRR
301 FSLPC.PSPL AAYYVLKKSN PSPYMFFMQD NDFTLFGASP ESSLRYDATS
351 RQIEIYPIAG TRPRGRRAOG SLDRDLDSRI ELEMRTDHKE LSEHIMLVDL
401 ARNDLARICT PGSRYVADLT KVDRYSYVMH LVSRWGELR HDLDALHAYR
451 ACMNMGTLSG APKV̂ AMQLI AEAEGRRRGS YGGAVGYFTA HGDLDTCIVI
501 RSALVENGZA TVQAGAGWL OSVPQSEADE TRNXARAVLR AIATAHHAQE
551 TF*...........................
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TRANSFORMATION OF INTEGRABLE PLASMIDS CONTAINING
B. PUMILVS TRP SEQUENCES
Number/ml Test of Clones
STRAIN DNA £m* xar Cm«Tro+ Cm'lnc £m *Trp TarCra* Tro*Cm*
E88 pM R lll 215 530 0 /43 0/43 43/43 0/106 106/106
trvE46.hfsH2 pMR131 450(S) 280(S) 0 /9 0 0/ 90 90/90 0 /84 84/84
E38/jpMlll 
B. pumilus
3.2 x 10* 700
230(S)
2/244 0/244 242/244 0 /70 70/70
DB83 pM R lll 103' 460 2/31 0/31 29/31 0 /92 92/92
trpD2 pMR131 260(S) 260(S) 0 /5 2 0 /52 52/52 0/58 58/58
E88/pM lll 
B. pumilus
3.3 x 10s 1.0 x 10* 
230(S)
0/104 10/104 94/104 0/500 500/500
SB25 pM R lll 90 305 0/27 6/27 21/27 0/61 61/61
troC2.hisH2 pMR131 290(S) 105(S) 0/87 2/87 85/87 0/21 21/21
E88/pM lll 
B. pumilus
2.8 x 10* 1.5 x 10* 
20
2/57 3/57 52/57 n.d. n.d.
T12 pM R lll 10; 80(S) 530(S) 1/24 7/24 16/24 0/106 106/106
troF12 pMR131 1033(T) 230(S) 0/413 12/413 399/413 0/46 46/46
E88/pM Rlll 
B. pumilus
1.3 x 10* 2.8 x 104 
0
1/ 71 12/ 71 58/71 0/56 56/56
S = Small 
T = Tiny
n.d. = not determined 149
1 5 0
The t a b l e  on p ag e  149 ( T ra n s fo rm a tio n  o f  
I n t e g r a b l e  P la sm id s  C o n ta in in g  B .p u m ilu s  t r p  S eq u en ces) 
(u n p u b lis h e d  d a ta  p ro v id e d  by R iv k a  R udner) r e p r e s e n t s  
a n o th e r  e x p e r im e n t s i m i l a r  t o  t h e  one  d e s c r ib e d  i n  
T a b le  X. In  t h i s  e x p e r im e n t  u n l ik e  t h e  o n e  i n  T a b le  X 
t h e  p la s m id s  pM R lll an d  pMRl31 w ere  grown i n  t h e  E .c o l i  
s t r a i n  JC9604 (Cohen an d  C la r k ,  1 9 8 6 ). The a t t r a c t i v e  
f e a t u r e  o f  s t r a i n  JC9604 i s  t h a t  i t  g e n e r a te s  l i n e a r  
p la s m id  m u l t im e rs .  The i s o l a t i o n  o f  t h e  p la s m id s  from  
t h i s  s t r a i n  e l im i n a t e s  t h e  i n  v i t r o  g e n e r a t io n  and  th e  
a m b ig u ity  o f  th e  p r e s e n c e  o f  t h e  m u l t im e r ic  fo rm . The 
r e s u l t s  show t h a t  t h e  t r a n s f o r m a t io n  e f f i c i e n c i e s  f o r  
CmR o r  Trp+ o f  th e s e  p la s m id s  h av e  in c r e a s e d  by a  
f a c t o r  o f  10 com pared  t o  T a b le  X. H ow ever, n e i t h e r  
t h e  d o u b le  re c o m b in a n t c l a s s  n o r  t h e  t r a n s f o r m a t io n  
e f f i c i e n c i e s  o b s e rv e d  f o r  i n t e g r a b l e  p la s m id s  
c o n ta in in g  hom ologous B .s u b t i l i s  s e q u e n c e s  ( J a r v i s  
f i t  & 1 ., 1988; La F a u c i £ £  &1«, 1986) i n c r e a s e d  a t  a l l .  
T h e re f o re  t h e  low  t r a n s f o r m a t io n  e f f i c i e n c i e s  o b s e rv e d  
w ith  p la s m id s  pM R lll an d  pMR131 w ere m ost l i k e l y  due 
t o  th e  h e te r o lo g o u s  se q u e n c e  o f  t h e  B .p u m ilu s  t r p  
g e n e s  and  n o t  t o  t h e  i n t e g r i t y  and  i n t e g r a t i o n  a b i l i t y  
o f  t h e  p la s m id s .
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